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HM6148 1024-word x 4-bit RAM (CMOS) 62 

HM6148-6 1024-word x 4-bit RAM (CMOS) 62 

HM6148P 1024-word x 4-bit RAM (CMOS) 62 

HM6148P-6 1024-word x 4-bit RAM (CMOS) 62 
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HM6148HP-35 1024-word x 4-bit RAM (CMOS) 74 

HM6148HP-45 1024-word x 4-bit RAM (CMOS) 74 

HM6148HP-55 1024-word x 4-bit RAM (CMOS) 74 

HM6148HLP-35 1024-word x 4-bit RAM (CMOS) 78 

HM6148HLP-45 1024-word x 4-bit RAM (CMOS) 78 

HM6148HLP-55 1024-word x 4-bit RAM (CMOS) 78 

HM6147 4096-word x 1-bit RAM (CMOS) 83 

HM6147-3 4096-word x 1-bit RAM (CMOS) 83 

HM6147P 4096-word x 1-bit RAM (CMOS) 83 

HM6147P-3 4096-word x 1-bit RAM (CMOS) 8 3 

HM6147LP 4096-word x 1-bit RAM (CMOS) 87 

HM6147LP-3 4096-word x 1-bit RAM (CMOS) 87 

HM6147H-35 4096-word x 1-bit RAM (CMOS) 91 

HM6147H-45 4096-word x 1-bit RAM (CMOS) 91 

HM6147H-55 4096-word x 1-bit RAM (CMOS) 91 

HM6147HP-35 4096-word x 1-bit RAM (CMOS) 91 

HM6147HP-45 4096-word x 1-bit RAM (CMOS) 91 

HM6147HP-55 4096-word x 1-bit RAM (CMOS) gi 
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HM6147HLP-35 4096-word x 1-bit RAM (CMOS) 97 

HM6147HLP-45 4096-word x 1 -bit RAM (CMOS) 97 

HM6147HLP-55 4096-word x 1-bit RAM (CMOS) 97 

HM61 16-2 2048-word x 8-bit RAM (CMOS) 101 

HM61 16-3 2048-word x 8-bit RAM (CMOS) 101 

HM6116-4 2048-word x 8-bit RAM (CMOS) 101 

HM61 161-2 2048-word x 8-bit RAM (CMOS) 107 

HM61 161-3 2048-word x 8-bit RAM (CMOS) 107 

HM61 161-4 2048-word x 8-bit RAM (CMOS) 107 

HM6116P-2 2048-word x 8-bit RAM (CMOS) 101 

HM61 16P-3 2048-word x 8-bit RAM (CMOS) 101 

HM61 16P-4 2048-word x 8-bit RAM (CMOS) 101 

HM6116PI-2 2048-word x 8-bit RAM (CMOS) m 

HM6116PI-3 2048-word x 8-bit RAM (CMOS) m 

HM6116PI-4 2048-word x 8-bit RAM (CMOS) t11 

HM6116FP-2 2048-word x 8-bit RAM (CMOS) . 115 

HM6116FP-3 2048-word x 8-bit RAM (CMOS) n 5 

HM61 16FP-4 2048-word x 8-bit RAM (CMOS) 115 

HM6116CG-2 2048-word x 8-bit RAM (CMOS) 120 

HM61 16CG-3 2048-word x 8-bit RAM (CMOS) 120 

HM61 16CG-4 2048-word x 8-bit RAM (CMOS) 120 

HM61 16L-2 2048-word x 8-bit RAM (CMOS) 124 

HM61 16L-3 2048-word x 8-bit RAM (CMOS) 124 

HM61 16L-4 2048-word x 8-bit RAM (CMOS) 124 

HM61 16LI-2 2048-word x 8-bit RAM (CMOS) 131 

HM61 16LI-3 2048-word x 8-bit RAM (CMOS) 131 

HM61 16LI-4 2048-word x 8-bit RAM (CMOS) 131 

HM61 16LP-2 2048-word x 8-bit RAM (CMOS) 135 

HM61 16LP-3 2048-word x 8-bit RAM (CMOS) 135 

HM6116LP-4 2048-word x 8-bit RAM (CMOS) 135 

HM61 16LPI-2 2048-word x 8-bit RAM (CMOS) 142 

HM6116LPI-3 2048-word x 8-bit RAM (CMOS) . . 142 

HM61 16LPI-4 2048-word x 8-bit RAM (CMOS) 142 

HM61 16LFP-2 2048-word x 8-bit RAM (CMOS) 146 

HM61 16LFP-3 2048-word x 8-bit RAM (CMOS) 146 

HM61 16LFP-4 2048-word x 8-bit RAM (CMOS) 146 

HM61 16K-3 2048-word x 8-bit RAM (CMOS) 150 

HM6116K-4 2048-word x 8-bit RAM (CMOS) 150 

HM6116AP-10 2048-word x 8-bit RAM (CMOS) 154 

HM61 16AP-12 2048-word x 8-bit RAM (CMOS) 154 

HM6116AP-15 2048-word x 8-bit RAM (CMOS) 154 

HM61 16AP-20 2048-word x 8-bit RAM (CMOS) 154 

HM61 16ASP-10 2048-word x 8-bit RAM (CMOS) 154 

HM6116ASP-12 2048-word x 8-bit RAM (CMOS) -| 54 

HM6116ASP-15 2048-word x 8-bit RAM (CMOS) i 54 

HM61 16ASP-20 2048-word x 8-bit RAM (CMOS) 154 

HM6116ALP-10 2048-word x 8-bit RAM (CMOS) 158 

HM61 16ALP-12 2048-word x 8-bit RAM (CMOS) 158 

HM6116ALP-15 2048-word x 8-bit RAM (CMOS) i 58 

HM61 16ALP-20 2048-word x 8-bit RAM (CMOS) i 58 

HM61 16ALSP-10 2048-word x 8-bit RAM (CMOS) 153 

HM6116ALSP-12 2048-word x 8-bit RAM (CMOS) 158 

HM6116ALSP-15 2048-word x 8-bit RAM (CMOS) 158 

HM6116ALSP-20 2048-word x 8-bit RAM (CMOS) 158 
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HM61 17P-3 2048-word x 8-bit RAM (CMOS) 162 

HM61 17P-4 2048-word x 8-bit RAM (CMOS) 162 

HM6117FP-3 2048-word x 8-bit RAM (CMOS) 167 

HM6117FP-4 2048-word x 8-bit RAM (CMOS) 167 

HM61 17LP-3 2048-word x 8-bit RAM (CMOS) 172 

HM6117LP-4 2048-word x 8-bit RAM (CMOS) 172 

HM6117LFP-3 2048-word x 8-bit RAM (CMOS) 178 

HM6117LFP-4 2048-word x 8-bit RAM (CMOS) 178 

HM6168H-45 4096-word x 4-bit RAM (CMOS) 184 

HM61 68H-55 4096-word x 4-bit RAM (CMOS) 1 84 

HM6168H-70 4096-word x 4-bit RAM (CMOS) 184 

HM6168HP-45 4096-word x 4-bit RAM (CMOS) 184 

HM6168HP-55 4096-word x 4-bit RAM (CMOS) 184 

HM6168HP-70 4096-word x 4-bit RAM (CMOS) 184 

HM61 68H LP-45 4096-word x 4-bit RAM (CMOS) 1 85 

HM6168HLP-55 4096-word x 4-bit RAM (CMOS) 185 

HM6168HLP-70 4096-word x 4-bit RAM (CMOS) 185 

HM6167 16384-word x 1-bit RAM (CMOS) 186 

HM6167-6 16384-word x 1-bit RAM (CMOS) 186 

HM6167-8 16384-word x 1-bit RAM (CMOS) 186 

HM6167P 16384-word x 1-bit RAM (CMOS) 186 

HM6167P-6 16384-word x 1-bit RAM (CMOS) 186 

HM6167P-8 16384-word x 1-bit RAM (CMOS) 186 

HM6167LP 16384-word x 1-bit RAM (CMOS) 192 

HM6167LP-6 16384-word x 1-bit RAM (CMOS) 192 

HM6167LP-8 16384-word x 1-bit RAM (CMOS) 192 

HM6167H-45 16384-word x 1-bit RAM (CMOS) 196 

HM6167H-55 16384-word x 1-bit RAM (CMOS) 196 

HM6167HP-45 16384-word x 1-bit RAM (CMOS) 196 

HM6167HP-55 16384-word x 1-bit RAM (CMOS) 196 

HM6167HCG-45 16384-word x 1-bit RAM (CMOS) 203 

HM6167HCG-55 16384-word x 1-bit RAM (CMOS) 203 

HM6167HLP-45 16384-word x 1-bit RAM (CMOS) 207 

HM6167HLP-55 16384-word x 1-bit RAM (CMOS) 207 

HM6264P-10 8192-word x 8-bit RAM (CMOS) 211 

HM6264P-12 8192-word x 8-bit RAM (CMOS) 21 1 

HM6264P-15 8192-word x 8-bit RAM (CMOS) 21 1 

HM6264LP-10 8192-word x 8-bit RAM (CMOS) 215 

HM6264LP-12 8192-word x 8-bit RAM (CMOS) 215 

HM6264LP-15 8192-word x 8-bit RAM (CMOS) 215 

• MOS DYNAMIC RAM 221 

HM4716A-1 16384-word x 1-bit RAM (NMOS) 222 

HM4716A-2 16384-word x 1-bit RAM (NMOS) 222 

HM4716A-3 16384-word x 1-bit RAM (NMOS) 222 

HM4716A-4 16384-word x 1-bit RAM (NMOS) 222 

HM4716AP-1 16384-word x 1-bit RAM (NMOS) 222 

HM4716AP-2 16384-word x 1-bit RAM (NMOS) 222 

HM4716AP-3 16384-word x 1-bit RAM (NMOS) 222 

HM4716AP-4 16384-word x 1-bit RAM (NMOS) 222 

HM4816A-3 16384-word x 1-bit RAM (NMOS) 233 

HM4816A-3E 16384-word x 1-bit RAM (NMOS) 233 

HM4816A-4 16384-word x 1-bit RAM (NMOS) 233 

HM4816A-7 16384-word x 1-bit RAM (NMOS) 233 

HM4816AP-3 16384-word x 1-bit RAM (NMOS) 233 
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HM4816AP-3E 16384-word x 1-bit RAM (NMOS) 233 

HM4816AP-4 16384-word x 1-bit RAM (NMOS) 233 

HM4816AP-7 16384-word x 1-bit RAM (NMOS) 233 

HM4864-2 65536-word x 1-bit RAM (NMOS) 241 

HM4864-3 65536-word x 1-bit RAM (NMOS) 241 

HM4864P-2 65536-word x 1-bit RAM (NMOS) 241 

HM4864P-3 65536-word x 1-bit RAM (NMOS) 241 

HM4864CC-2 65536-word x 1-bit RAM (NMOS) 251 

HM4864CC-3 65536-word x 1-bit RAM (NMOS) 251 

HM4864I-2 65536-word x 1-bit RAM (NMOS) 256 

HM4864I-3 65536-word x 1-bit RAM (NMOS) 256 

HM4864K-2 65536-word x 1-bit RAM (NMOS) 256 

HM4864K-3 65536-word x 1-bit RAM (NMOS) 256 

HM4864A-12 65536-word x 1-bit RAM (NMOS) 260 

HM4864A-15 65536-word x 1-bit RAM (NMOS) 260 

HM4864A-20 65536-word x 1-bit RAM (NMOS) 260 

HM4864AP-12 65536-word x 1-bit RAM (NMOS) 260 

HM4864AP-15 65536-word x 1-bit RAM (NMOS) 260 

HM4864AP-20 65536-word x 1-bit RAM (NMOS) 260 

HM4864ACG-12 65536-word x 1-bit RAM (NMOS) 265 

HM4864ACG-15 65536-word x 1-bit RAM (NMOS) 265 

HM4864ACG-20 65536-word x 1-bit RAM (NMOS) 265 

HM4865AP-12 65536-word x 1-bit RAM (NMOS) 270 

HM4865AP-15 65536-word x 1-bit RAM (NMOS) 270 

HM4865AP-20 65536-word x 1-bit RAM (NMOS) 270 

HM50256-12 262144-word x 1-bit RAM (NMOS) 277 

HM50256-15 262144-word x 1-bit RAM (NMOS) 277 

HM50256-20 262144-word x 1-bit RAM (NMOS) 277 

HM50257-12 262144-word x 1-bit RAM (NMOS) 284 

HM50257-15 262144-word x 1-bit RAM (NMOS) 284 

HM50257-20 262144-word x 1-bit RAM (NMOS) 284 

• MOS Mask ROM 291 

HN61364P 8192-word x 8-bit ROM (CMOS) 292 

HN61364FP 8192-word x 8-bit ROM (CMOS) 292 

HN61365P 8192-word x 8-bit ROM (CMOS) 294 

HN61366P 8192-word x 8-bit ROM (CMOS) 296 

HN43128P 16384-word x 8-bit or 

32768-word x 4-bit ROM (CMOS) 298 

HN613128P 16384-word x 8-bit ROM (CMOS) 300 

HN613128FP 16384-word x 8-bit ROM (CMOS) 300 

HN61256P 32768-word x 8-bit or 

65536-word x 4-bit ROM (CMOS) 302 

HN61 256FP 32768-word x 8-bit or 

65536-word x 4-bit ROM (CMOS) 302 

HN613256P 32768-word x 8-bit ROM (CMOS) 304 

HN613256FP 32768-word x 8-bit ROM (CMOS) 304 

HN62301P 131072-word x 8-bit ROM (CMOS) 306 

• MOS PROM 309 

HN462716 2048-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 310 

H N4627 1 6G 2048-word x 8-bit U .V . Erasable & 

Electrically PROM (NMOS) 310 

HN462532 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 314 
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H N462532G 4096-word x 8-bit U .V . Erasable & 

Electrically PROM (NMOS) 314 

HN462732 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 318 

HN462732G 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 318 

HN462732GI 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 322 

HN482732AG-20 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 325 

HN482732AG-25 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 325 

HN482732AG-30 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 325 

HN482764 8192-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 328 

HN482764-3 8192-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 328 

H N482764-4 81 92-word x 8-bit U .V. Erasable & 

Electrically PROM (NMOS) 328 

HN482764G 8192-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 328 

HN482764G-3 8192-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 328 

HN482764G-4 8192-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 328 

HN4827128G-25 16384-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 332 

HN4827128G-30 16384-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 332 

HN4827128G-45 16384-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 332 

HN48016P 2048-word x 8-bit Electrically Erasable & 

PROM (NMOS) 336 

• Bipolar RAM 3 41 

HM10414 256-word x 1-bit RAM (ECL 10K) 342 

HM10414-1 256-word x 1-bit RAM (ECL 10K) 342 

HM2110 1024-word x 1-bit RAM (ECL 10K) 346 

HM21 10-1 1024-word x 1-bit RAM (ECL 10K) 346 

HM2112 1024-word x 1-bit RAM (ECL 10K) 350 

HM2112-1 1024-word x 1-bit RAM (ECL 10K) 350 

HM10422 256-word x 4-bit RAM (ECL 10K) 355 

HM10422-7 256-word x 4-bit RAM (ECL 10K) 360 

HM10470 4096-word x 1-bit RAM (ECL 10K) 3 6 3 

HM10470-1 4096-word x 1-bit RAM (ECL 10K) 363 

HM10470F 4096-word x 1-bit RAM (ECL 10K) 363 

HM10470-15 4096-Wordx 1-bit RAM (ECL 10K) 368 

HM2142 4096-word x 1-bit RAM (ECL 10K) 371 

HM10474 1024-word x 4-bit RAM (ECL 10K) 37 4 

HM10474-15 1024-word x 4-bit RAM (ECL 10K) 37 4 

HM10480 16384-word x 1-bit RAM (ECL 10K) 379 

HM10480F 16384-word x 1-bit RAM (ECL 10K) 379 

HM100415 1024-word x 1-bit RAM (ECL 100K) 382 

HM100415CC 1024-word x 1-bit RAM (ECL 100K) 382 
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HM100422 256-word x 4-bit RAM (ECL 100K) 385 



HM100422F 256-word x 4-bit RAM (ECL 100K) 385 

HM100422CC 256-word x 4-bit RAM (ECL 100K) 385 

HM100470 4096-word x 1-bit RAM (ECL 100K) 388 

HM100470-15 4096-word x 1-bit RAM (ECL 100K) 388 

HM100474 1024-word x 4-bit RAM (ECL 100K) 391 

HM100474-15 1024-word x 4-bit RAM (ECL 100K) 391 

HM100474F 1024-word x 4-bit RAM (ECL 100K) 391 

HM100474F-15 1024-word x 4-bit RAM (ECL 100K) 391 

HM100480 16384-word x 1-bit RAM (ECL 100K) 396 

HM100480F 16384-word x 1-bit RAM (ECL 100K) 396 

HM2504 256-word x 1-bit RAM (TTL) 399 

HM2504-1 256-word x 1-bit RAM (TTL) 399 

HM2510 1024-word x 1 -bit RAM (TTL) 403 

HM2510-1 1024-word x 1 -bit RAM (TTL) 403 

HM2510-2 1024-wrod x 1-bit RAM (TTL) 40 3 

HM251 1 1024-word x 1-bit RAM (TTL) 407 

HM2511-1 1024-word x 1 -bit RAM (TTL) 40 7 

• Bipolar PROM 411 

HN25044 1024-word x 4-bit PROM (TTL) 414 

HN25045 1024-word x 4-bit PROM (TTL) 414 

HN25084 2048-word x 4-bit PROM (TTL) 419 

HN25085 2048-word x 4-bit PROM (TTL) 419 

HN25084S 2048-word x 4-bit PROM (TTL) 422 

HN25085S 2048-word x 4-bit PROM (TTL) 422 

HN25088 1024-word x 8-bit PROM (TTL) 425 

HN25089 1024-word x 8-bit PROM (TTL) 425 

HN25088S 1024-word x 8-bit PROM (TTL) 428 

HN25089S 1024-word x 8-bit PROM (TTL) 428 

HN25088L 1024-word x 8-bit PROM (TTL) 431 

HN25089L 1024-word x 8-bit PROM (TTL) 431 

HN25168S 2048-word x 8-bit PROM (TTL) 434 

HN251 69S 2048-word x 8-bit PROM (TTL) 434 

• Memory Support Circuits 437 

HD2912 Quadruple TTL-to-MOS Clock Drivers 438 

HD2916 Quadruple TTL-to-MOS Clock Drivers 441 

HD2923 Quadruple ECL-to-TTL Drivers 444 

NOTICE 



The example of an applied circuit or combination with other equipment shown 
herein indicates characteristics and performance of a semiconductor-applied 
products. The company shall assume no responsibility for any problem involving 

a patent caused when applying the descriptions in the example. 
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IMOS RAM 



Type No. 


Process 


Organi- 


Access 


Cycle 


Supply 
Voltage 


Power 


Package* 


Replace- 


Page 


/ word\ 


(ns) 
max 


(ns) 
min 


(V) 


pation 

(W) 


Pin 
No 


cc 


CG 


G 


P 


FP 


SP 


ment 


HM4334-3 






300 


460 




10/i/20m 
















HM-6514-9 


52 


HM4334-4 






450 


640 




















52 


HM4334-3L 






300 


460 




10m/ 20m 


















57 


HM4334-4L 






450 


640 




















57 


HM6148 






70 


70 




0.1m/0.2 
















2148 


62 


HM6148-6 






85 


85 


















2148-6 


62 


HM6148L 




1024 x 4 


70 


70 




5^/0.2 


















68 


HM6148L-6 




85 


85 




















68 


HM6148H-35" 






35 


35 






















74 


HM6148H-45" 






45 


45 




O.lm/0.2 








• 








2148-45 


74 


HM6148H-55" 






55 


55 












• 








2148-55 


74 


HM6148HL-35" 






35 


35 






18 
















78 


HM6148HL-45" 






45 


45 




5^/0.3 








— 
* 








78 


HM6148HL-55" 






55 


55 














* 








78 


HM6147 






70 


70 




V 1 . 1 III/ / Jill 








• 


* 






2147 


83 


HM6147-3 






55 


55 










• 


* 








83 


HM6147L 






70 


70 




□/»/ I □m 










* 








87 


HM6147L-3 






55 


55 












* 








87 


HM6147H-35 






35 


35 












• 








2147H-1 


91 


HM6147H-45 




45 


45 




0.1m/0.15 








• 


— 






2147H-2 


91 


HM6147H-55 


CMOS 




55 


55 


+ 5 










• 










91 


HM6147HL-35 




35 


35 












— 








97 


HM6147HL-45 






45 


45 




5^/0.15 


















97 


HM6147HL-55 






55 


55 






















97 


HM6116-2 






120 


120 










# 


• 


-— 
* 


* 






101 


HM6116-3 






150 


150 




O.lm/0.18 






• 


# 










101 


HM6116-4 






200 


200 










• 


• 


— 
* 


— 
* 






101 


HM6116L-2 






120 


120 












• 


* 


* 






124 


HM6116L-3 






150 


150 




20^/0.16 








• 




* 






124 


HM6116L-4 






200 


200 












• 




* 






124 


HM6116A-10 






100 


100 


















* 




154 


HM6116A-12 






120 


120 




u * 1 in/ i jiii 


















154 


HM6116A-15 






150 


150 




24 
















154 


HM6116A-20 




200 


200 




















154 


HM6116AL-10 






100 


100 






















158 


HM6116AL-12 






120 


120 




5A/10m 


















158 


HM6116AL-15 






150 


150 




















158 


HM6116AL-20 






200 


200 






















158 


HM6117-3 






150 


150 




O.lm/0.2 












• 






162 


HM6117-4 






200 


200 














• 






162 


HM6117L-3 






150 


150 




10M1.18 












• 






172 


HM6117L-4 






200 


200 














• 






172 



Mode 



Total 
Bit 



4k-bit 



Static 



16k-bit 



I to be continued) 
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SRAM 



DRAM 



Total 
Bit 


Type No. 


Process 


Organi- 
zation 
/ word\ 
Ixbit/ 


Access 
max 


Cycle 

(ns) 
min 


Supply 
Voltage 

(V) 


Power 
Dissipa- 
tion 

(W) 


Package'" 


Replace- 
ment 


Page 


Pin 
No. 


CC 


CG 


G 


p 

1 — 


FP 


SP 


16k-bit 


HM6168H-45* 


CMOS 


4096x4 


45 


45 


+ 5 


0.1m/0.25 


20 














2168 


184 


HM6168H-55' 


55 


55 
















184 


HM6168H-70' 


70 


70 






% 


— 








184 


HM6168HL-45* 


45 


45 


5^/0.25 








— 








185 


HM6168HL-55' 


55 


55 
















185 


HM6168HL-70' 


70 


70 
















185 


HM6167 


16384 x 1 


70 


70 


25m/0.15 














2167 


186 


HM6167-6 


85 


85 














2167-6 


186 


HM6167-8 


100 


100 














2167-8 


186 


HM6167L 


70 


70 


5MI.15 
















192 
192 


HM6167L-6 


85 


85 
















HM6167L-8 


100 


100 
















192 


HM6167H-45 


45 


45 


0.1m/0.2 














IMS 1400 


196 


HM6167H-55 


55 


55 
















1% 


HM6167HL-45 


45 


45 


5^/0.2 
















207 


HM6167HL-55 


55 


55 
















207 


64k-bit 


HM6264-10 


8182x8 


100 


100 


0.1m/0.2 


28 
















211 


HM6264-12 


120 


120 
















211 


HM6264-15 


150 


150 
















211 


HM6264L-10 


100 


100 


10^/0.2 
















215 


HM6264L-12 


120 


120 
















215 


HM6264L-15 


150 


150 
















215 


16k-bit 


HM4716A-1 


NMOS 


16384X1 


120 


320 


+ 12, 
+ 5. 
-5, 


20m/0.46 


16 
















222 


HM4716A-2 


150 


320 














MK4116-2 


222 


HM4716A-3 


200 


375 














MK4116-3 


222 


HM4716A-4 


250 


410 














MK4116-4 


222 


HM4816A-3 


100 


235 


+ 5 


llm/0.15 














2118-3 


233 


HM4816A-3E 


105 


200 
















233 


HM4816A-4 


120 


270 














2118-4 


233 


HM4816A-7 


150 


320 














2118-7 


233 


64k-bit 


HM4864-2 


65536 x 1 


150 


270 


20m/0.33 
















241 


HM4864-3 


200 


335 
















241 


HM 4864 A- 12 


120 


230 


20m/0.275 




• 












260 


HM4864A-15 


150 


260 




ii 
• 












260 


HM4864A-20 


200 


330 




• 












260 


HM4865A-12" 


120 


230 


20m/0.275 
















270 


HM4865A-15" 


150 


260 






— 










270 


HM4865A-20" 


200 | 330 
















270 


256k-bit 


HM50256-12" 


262144X1 


120 


220 


20m/0.35 
















277 


HM50256-15" 


150 


260 
















277 


11M50256-20* - 


200 


330 
















277 


HM50257-12" 


120 


220 


20m/0.35 
















284 


HM50257-15" 


150 


260 
















284 


HM50257-20" 


200 


330 
















284 



* Under development 
• •Preliminary AHM61I6LP Series : 10>W 

* • * The package codes of CC, CG, P, FP and SP ere applied to the package materials as follows. 

CC : Side-brazed Ceramic Leadless Chip Carrier, CG : Glass-sealed Ceramic Leadless Chip Carrier, 
FP : Small Sized Plastic Flat PackagelSOP). SP ! Skinny Type Plastic DIP 



G : Cerdip. P I Plastic DIP, 



HITACHI 



9 



■ MOS ROM 



Program 


Total 
Bit 


Type No. 


Process 


Organi- 

/ word\ 

VxbiJ 


Access 

Co*) 
max 


Supply 
Voltage 

(V) 


Power 
Dissi- 
pation 

(W) 


Package 


Replace- 
ment 


Page 


Pin 

No. 






T3 , 

r 


r I 


Mask 


64k-bit 


HN61364 


CMOS 


8192x8 


250 


+ 5 


5/1/0.05 


-.8 








• 




292 


HN61365 


250 
250 


24 












294 


HN61366 












2yt> 


128k-bit 


HN43128 


16384 x 8 
32768X4 


6500 


3m 


28 












298 


HN613128 


16384X8 


250 


5///0.05 


28 






• 


• 




300 


256k-bit 


HN61256 


32768x8 
65536 x4 


3500 


7.5m 


28 






s 


• 




302 




HN613256 




32768x8 


250 


5/i/75m 








• 




304 


lM-bit 


HN62301" 


131072x8 


350 


5m/60m 


28 


• 




— 






306 


U. V. Erasable 
& Electrically 


16k-bit 


HN462716 


NMOS 


2048x8 


450 


+ 5 


0.555 


24 


• 








2716 


310 


32k-bit 


HN462532 


4096 x 8 


450 


0.858 


24 


• 


— 
* 






TMS2532 


314 


HN462732 


0.788 


• 


* 






2732 


318 


HN482732A-20 


200 


0.788 




* 






2732A-2 


325 


HN482732A-25 


250 


* 






2732A 


325 


HN482732A-30 


300 










2732A-3 


325 


64k-bit 


HN482764 


8192x8 


250 


0.555 


28 




— 






2764 


328 


HN482764-3 


300 


• 








2764-3 


328 




HN482764-4 


450 


• 










328 


128k-bit 


HN4827128-25" 


NMOS 


16384x8 


250 


0.554 


28 












332 


HN4827128-30" 


300 












332 


HN4827128-45" 


450 












332 


Electrically Erasable 


16k-bit 


HN48016 


NMOS 


16384x8 


350 


+ 5 


0.16 


24 






• 






336 



# Under development 
** Preliminary 

*## The package codes of C. G, P and FP are applied to the package materials as follows. 
C : Side-brazed Ceramic DIP. G : Cerdip. P ! Plastic DIP, FP : Plastic Flat Package 



■ MOS MEMORIES OF WIDE OPERATING TEMPERATURE RANGE 



Mode 


Total 
Bit 


Type No. 


Organization 
( word X bit) 


Operating 
Temperature 
Range 


Access 
Time 
(ns) 


Power 
Dissipation 


Package **• 


Page 










CO 


max 


(W) 


Pin No. 


P 


G 








HM61161-2 






120 










107 






HM6116I-3 






150 


0.1m/0.18 








107 






HM6116I-4 




-40 to +85 


200 










107 


Static RAM 


16k-bit 


HM6116LI-2 


2048x8 


120 




24 






131 


HM6116LI-3 




150 


20/i V0. 16 






131 






HM6116LI-4 






200 










131 






HM6116K-3 




-55 to +125 


150 


0.1m/0.18 








150 






HM6116K-4 




200 








150 






















HM4864I-2 




-40 to +85 


150 










256 


Dynamic RAM 


64k-bit 


HM4864I-3 


65536 x 1 


200 


15m/0.3 


16 






256 


HM4864K-2 


-55 to +85 


150 






256 






HM4864K-3 




200 










256 


EPROM 


32k-bit 


HN 4627321 


4096x8 


-40 to +85 


450 


0.1/0.788 


24 






322 



a HM6116LPI Series: lOfVi 
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■ BIPOLAR RAM 



Level 


Total 
Bit 


Type No. 


Organi- 
zation 
/ word\ 
IxbiJ 


Output 


Access 
Time 
(ns) 
max 


Supply 
Voltage 

(V) 


Power 
Dissipa- 
tion 
(mW/bit) 


Package" 


Replacement 


Page 


Pin 
No. 


F 


G 


CC 


ECL 
10k 


256-bit 


HM10414 


256 x 1 


Open 
Emitter 


10 


-5.2 


2.8 


16 




* 




F10414 


342 


HM10414-1 


8 




• 






342 


lk-bit 


HM2110 


1024x1 


35 


0.5 




* 




F10415 


346 


HM2110-1 


25 




* 




F10415A 


346 


HM2112 


10 


0.8 




* 






350 


HM2112-1 


8 




• 






350 


HM10422 


256 x 4 


10 


0.8 


24 


• 


* 




F10422 


355 


HM 10422- 7 


7 


1.0 


• 


* 






360 


4k-bit 


HM 10470 


4096 x 1 


25 


0.2 


18 


• 


• 




F10470 


363 


HM 10470-1 


15 




* 






363 


HM 10470- 15 


15 




* 






368 


HM2142 


10 


0.3 




• 






371 


HM 10474 


1024X4 


25 


0.2 


24 


• 


* 




F10474 


374 


HM 10474- 15 


15 


• 


* 






374 


16k-bit 


HM 10480 


16384X1 




25 


0.03 


20 


• 


* 




F10480 


379 


ECL 
100k 


lk-bit 


HM100415 


1024 > 1 


10 


-4.5 


0.6 


16 




* 


• 


F100415 


382 


HM 100422 


256X4 


10 


0.8 


24 


• 


* 


• 


F100422 


385 


4 k-bit 


HM100470 


4096 X 1 


25 


0.2 


18 




* 




F 1004 70 


388 


HM100470-15 


15 




• 






388 


HM100474 


1024X4 


25 


0.2 


24 


• 


* 




F100474 


391 


HM100474-15 


15 


• 


• 






391 


16k-bit 


HM 100480* 


16384 x 1 


25 


0.05 


20 


• 


* 




F100480 


396 


TTL 


256-bit 


HM2504 


256X1 


Collector 


55 


+ 5 


1.8 


16 








93411 


399 


HM 2504-1 


45 








93411A 


399 


lk-bit 


HM2510 


1024 x 1 


70 


0.5 










403 


HM2510-1 


45 








93415 


403 


HM2510-2 


35 








93415A 


403 


HM2511 


3-state 


70 


0.5 










407 


HM2511-1 


45 








93425 


407 



* Preliminary 

** The package codes of F, G and CC are applied to the package material as follows. 
F : Flat Package, G : Cerdip, CC \ Side-brazed Ceramic Leadless Chip Carrier 
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■ BIPOLAR PROM 



Level 


Total 
Bit 


Type No. 


Organi- 
zation 
{ word\ 
VxbitJ 


Output 


Access 
Time 
(ns) 
max 


Supply 
Voltage 

(V) 


Power 
Dissi- 
pation 

(mW) 


Package* 


Replacement 


Page 


Pin 
No. 


F 


G 


P 


TTL 


4k-bit 


HN25044 


1024X4 


O/C 


50 


+5 


500 


18 




• 




82S136 


414 


HN25045 


3-s 




• 




82S137 


414 


8k-bit 


HN25084 


2048 X 4 


O/C 


60 


550 


18 




• 




82S184 


419 


HN25085 


3-s 




• 




82S185 


419 


HN25084S 


O/C 


50 




• 






422 


HN25085S 


3-s 




• 






422 


HN25088 


1 AO A \s Q 

1024 X 8 


O/C 


60 


600 


24 




• 




82S180 


425 


HN25089 


3-s 








82S181 


425 


HN25088S 


O/C 


50 










428 


HN25089S 


3-s 










428 


HN25088L 


O/C 


100 


350 










431 


HN25089L 


3-s 










431 


16k-bit 


HN25168S 


2048X8 


O/C 


60 


600 


24 








82S190 


434 


HN25169S 


3-s 









825191 


434 



* The package code of G is applied to the material as follows. 



G ! Cerdip 



<^ HITACHI 



PACKAGE INFORMATION (Dimensions in mm) 



• Dual-in-line Plastic 




• DP- 20 





• DP-24A 



• DP- 28 




Applicable ICs 



DP-16 


HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4, HM4816AP-3, HM4816AP-3E, HM4816AP-4, 
HM4816AP-7, HM4864P-2, HM4864P-3, HM4864AP-12, HM4864AP-15, HM4864AP-20, HM4865AP-12, 
HM4865AP-15, HM4865AP-20 


DP-18 


HM4334P-3, HM4334P-4, HM4334P-3L, HM4334P-4L, HM6148P. HM6148P-6, HM6148LP, HM6148LP-6, 
HM6148HP-35, HM6148HP-45, HM6148HP-55, HM6148HLP-35, HM6148HLP-45, HM6148HLP-55, HM6147P, 
HM6147P-3, HM6147LP, HM6147LP-3, HM6147HP-35, HM6147HP-45, HM6147HP-55, HM6147HLP-35, 
HM6147HLP-45, HM6147HLP-55 


DP-20 


HM6168HP-45, HM6168HP-55. HM6168HP-70, HM6168HLP-45, HM6168HLP-55, HM6168HLP-70. HM6167P, 
HM6167P-6, HM6167P-8, HM6167LP, HM6167LP-6, HM6167LP-8, HM6167HP-45, HM6167HP-55, 
HM6167HLP-45, HM6167HLP-55 


DP-24 


HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2, HM6116LP-3, HM6116LP-4, HM6116AP-10, 
HM6116AP-12, HM6116AP-15, HM6116AP-20, HM6116ALP-10, HM6116ALP-12, HM6116ALP-15, 
HM6U6ALP-20, HM6117P-3, HM6117P-4, HM6117LP-3, HM6117LP-4, HN61365P, HN61366P, HN48016P, 
HM6116PI-2, HM6116PI-3, HM6116PI-4, HM6116LPI-2, HM6116LPI-3, HM6116LPI-4 


DP-24A 


HM6116ASP-10. HM6116ASP-12, HM6116ASP-15. HM6116ASP-20. HM6116ALSP-10, HM6116ALSP-12, 
HMS116ALSP-15, HM6116ALSP-20 


DP-28 


HM6264P-10. HM6264P-12, HM6264P-15. HM6264LP-10, HM6264LP-12, HM6264LP-15, HN61364, 
HN43128P, HN613128P, HN61256P, HN613256P, HN62301P 



<§> HITACHI 
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Package Information 

• CERDIP 




<i"~15' 0.20-0.38 



• DG-16B •DG-18 




Package Information 



• DG-28 




Applicable ICs 



DG-16 


HM10414, HM10414-1, HM2504, HM2504-1, HD2912 


DG-16A 


HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, HM2U0, HM2110-1, HM2112, HM2112-1, HM100415, HM2510, 
HM2510-1, HM2510-2, HM2511, HM25U-1, HD2916, HD2923 


DG-16B 


HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7, HM4864-2, HM4864-3, HM4864A-12, HM4864A-15, 
HM4864A-20, HM50256-12, HM50256-15, HM50256-20, HM50257-12, HM50257-15, HM50257-20, HM4864I-2, 
HM4864I-3, HM4864K-2, HM4864K-3 


DG-18 


HM4334-3, HM4334-4, HM6148, HM6148-6, HM6148H-35, HM6148H-45, HM6148H-55, HM6147, HM6147-3, 
HM6147H-35, HM6147H-45, HM6147H-55, HM10470, HM10470-1, HM10470-15, HM2142, HM100470. 
HM100470-15, HN25044, HN25045, HN25084, HN25085, HN25084S, HN25085S 


DG-20 


HM6168H-45. HM6168H-55, HM6168H-70, HM6167, HM6167-6, HM6167-8, HM6167H-45, HM6167H-55, 
HM10480, HM100480 


DG-24 


HM6116-2, HM6116-3, HM6116-4, HM6116L-2, HM6116L-3, HM6116L-4, HM61161-2, HM6116I-3, HM6116I-4, 
HM6116LI-2, HM6116LI-3. HM6116LI-4, HM6116K-3, HM6116K-4, HN25088, HN25089, HN25088S, HN25089S, 
HN25088L, HN25089L, HN25168S, HN25169S 


DG-24A 


HM10422, HM10422-7, HM10474, HM10474-15, HM100422, HM100474, HM100474-15 


DG-24B 


HN462716G, HN462532G, HN462732G, HN482732 AG-20, HN482732AG-25, HN482732AG-30, HN462732GI 


DG-28 


HN482764G, HN482764G-3, HN482764G-4, HN4827128G-25, HN4827128G-30, HN4827128G-45 



• Side- brazed Ceramic DIP 




Applicable ICs 



DC-24C 


HN462716, HN462532, HN462732 


DC-28B 


HN482764. HN482764-3, HN482764-4 
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Package Information 
• Flat Packages 







•FP-24 



• FP-54 



)CT __ I _ n-19 UJ 

f« 1 B»18 

t«i i-a-17 — I 



• 21 E 




O.lOnm 




• FG-18 



• FG-20 



I Miis muching of b«M tnd tip ) 







10.0MAX 



















uniix 








■M 










I 





• FG-24 



• Applicable ICs 





FP-24 



FP-54 



FG-18 



FG-20 



FG-24 



HM6116FP-2, HM6116FP-3, HM6U6FP-4, 
HM6116LFP-2, HM6116LFP-3. HM6116LFP-4, 
HM6117FP-3. HM6117FP-4, HM6117LFP-3. 

HM6117LFP-4 

HN61364FP, HN613128FP, HN61; 
HN613256FP 



61256FP, 



HM10470F 



HM10480F, HM100480F 



HM10422F, HM10422F-7, HM10474F, 
HM10474F-15, HM100422F, HM100474F, 
HM100474F-15 



3 m 

1 


Mhaf 


h 






1 1 





HITACHI 



• Leadless Chip Carrier 



Package Information 



• CC-18 




• CG-18 



• CG-32 




• CC-24 





• CG-20 



1 

c 





I IttHHHHHhf 



a 




5 b = us 




• Applicable ICs 


CC-18 


HM4864CC-2, HM4864CC-3 


CC-24 


HM100415CC, HM100422CC 


CG-18 


HM4864ACG-12, HM4864ACG-15 
HM4864ACG-20 


CG-20 


HM6167HCG-45, HM6167HCG-55 


CG-32 


HM6116CG-2, HM6116CG-3, 
HM6116CG-4 



3-CIJB 
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RELIABILITY OF HITACHI IC MEMORIES 



1. STRUCTURE 

IC memories are structurally classified into bipolar 
type and MOS type. The former has a characteristic 
of an extremely high speed. Bui it is a comparative- 
ly small capacity and on the other hand, the latter 
features a large capacity. These IC memories are 
utilized by effectively taking the most of their 
respective characteristics. 

Flows from designing, manufacturing and up to 
inspection for both Bipolar and MOS type IC 
memories are established under a unified concept, 
design and inspection standards. Therefore stable 
results concerning their reliability have been ob- 
tained with these IC memories, regardless of differ- 
ences in the circuit design, pattern, layout, degree of 



integration, etc. 

From its characteristics, the memory LSI is inte- 
grated in high density by unit patterns called "cell" 
and it is not exaggeration to say that they are 
produced in the most advanced semiconductor 
manufacturing technologies. To get the high reliabil- 
ity of such a memory which has been subjected to 
rapid technological advances, know-hows based on 
past experience from the design stage of a cell are 
incorporated. Farther to evaluated reliability of 
each respective technology applied. Reliability eval- 
uation using TEG (Test Element Group), etc. is 
carried out. Examples of cell circuits of the Bipolar 
memory and MOS memory are shown in Table I. 



• Table 1 Examples of Basic Cell Circuit of IC Memories 



NMOS, CMOS 

memories 
(Static RAM) 



NMOS memory 
(PROM) 



Classification 



Bipolar memory 
(RAM) 



Bipolar memory 
(PROM) 



NMOS memory 
(Dynamic RAM) 



Application 



Buffer memory, 
control memory 
of high-speed 
computer 



Microcomputer 
control use 



Main memory of computer, 
microcomputer memory 



For 

microcomputer 
control 



Example of 
basic cell 
circuit 




T 




IC memory, chips produced in the latest technolo- 
gies are sealed in different packages. Ceramic pack- 
age, Cerdip (glass-sealed type) and Plastic package 
are the current major IC packages. Also such 
packages as LCC (Leadless Chip Carrier) for high 
package density and SO (Small Outline) package are 
now under development. 



Ceramic and Cerdip versions, with their hermetically 
sealed structure, are suitable to the equipment 
requiring high reliability. Plastic version, the leading 
semiconductor package, is applied to various kinds 
of equipment. Hitachi Plastic package has been 
improved to the close reliability level as the hermeti- 
cally sealed devices. Table 2 shows examples of IC 
memory package outlines. 



• Table 2 Examples of IC Memory Package Outlines 



■ Ceramic DIP 
• 16 Pin 



• 24 Pin 



| 28 Pin 
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Reliability of Hitachi IC Memories 




2. RELIABILITY DATA Results of reliability tests are listed below. 

2-1 Reliability test data on Bipolar memories rules and quality control, there is no difference in 

The reliability test data on the Bipolar memories are reliability among various types. In addition, it can 
shown in Tables 3 and 4. Since they are manufac- be said that the greater the capacity, the higher the 
tured under the aforementioned standardized design reliability per bit. 



• Table 3 Results on Bipolar Memory Reliability Tests (1) 









HM10470 Cerdip! 


HM100422(Chip Carrier) 


HN25089(Cerdip) 


Test item 


Test condition 


sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate • 


Sam- 
pies 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate • 




Ta -125'C 




























y It --5.2V(HM10470> 
Vcc-5.5V(HN25089) 




C.H. 




1/hr 












C.H. 
3.6X10' 




1/hr 
2.6X10 "' 


High- 

temperature 
(Operating) 


125 


4.0X10' 





2.3X10"' 










36 





T-o-150-C 

Vit--5.2V(HM10470l 

Vee--5.0V(HM100422) 

Vcc-5.5V| , 

(HN25089) 

1,,,-lPs ' 


80 


2.7x10 s 





3.4X10"* 


40 


4X10' 





2.3X10"' 


10 


1.0X10' 





9.2X10"' 


High- 
temperature 
storage 


7o-2orc 


27 


2.7x10 s 





3. 4X10 " s 


40 


4X10' 





2.3X10"' 


15 


1.5X10' 





6.1x10"' 


Ta-295'C 


20 


2.0X10 S 





4.6X10' 


40 


4X10' 





2.3X10"' 


15 


1.5x10' 





6.1x10' 



* Estimated failure rate with confidence level 60% 
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Reliability of Hitachi IC Memories 



• Table 4 Results on Bipolar Memory Reliability Tests (2) 



Test item 


, 

Test condition 


HM10470(Cerdip) 


HM100422(Chip c*rier) 


HN25089(Cerdip) 


Samples 


Failures 


Samples 


Failures 


Samples 


Failures 


Temperature cycling 


-65'C — H50"C, 10 cycles 


120 





40 





45 





Soldering heat 


260 'C, 10 seconds 


22 





- 


- 


22 





Thermal shock 


- C~ + 100 - C, 10 cycles 


36 





20 





22 





Mechanical shock 


1500G, 0.5 ms, 

Three times each for X, Y and Z 


30 





60 





22 




' 


Variable frequency 


100~2000Hz, 20G 

Three times each for X, Y and Z 








60 





22 





Constant -acceleration 


20000G, 1 minute, each for X, Y and Z 


40 





60 





22 


o 



2-2 Reliability test data on MOS memories DRAM), HM4716AP (16K DRAM), HM61 16P (16K 

The reliability test data on the MOS memories are SRAM), HM6147P (4K SRAM), HN462732, 

shown in Tables 5, 6 and 7. In these tables, data are HN462532 (32K EPROM), HN462716 (16K 

shown on representative types of HM4864 (64K EPROM) 

• Table 5 Results on MOS Memory Reliability Tests (1) 



Test item 


Test 
condition 


HM4864 (Ceramic) 


HN462532/HN462732 (Cerdip) 




Sam- 
ples 


Total com- 
ponent 
hours 


Fail- 
ures 


Failure 
rate* 


Sam- 
ples 


Total com- 
ponent 
hours 


Fail- 
ures 


Failure 
rate* 


Remarks 


High- 
temperature 
dynamic 
operation 


Ta=125°C 
V CC =5.5V 
t c yc =3 »»s 


1872 


CM 

3.33x10' 


3*' 


1/hr 
1.25x10"' 


100 


C.H. 
1.0x10' 





1/hr 
9.2x10-' 


*' Oxide 
failure x 2 
Unknown x 1 


High- 
temperature, 
storage 


Ta=200°C 


20 


4.0x10" 





2.3x10"* 


140 


1.4x10' 





6.6x10"' 




High- 
temperature 
storage 


Ta=259°C 










100 


5.0x10" 





1.8x10"' 




High- 
temperature 
storage 


Ta=295°C 










100 


4.2x10" 


}« 


4.8x10"' 




* J Data 

disappearance 


* Estimated failure rate with confidence level 60% 

• Table 6 Results on MOS Memory Reliability Tests (2) 


Test item 


Test 
condition 


HM4716AP (Plastic) 


HM6116P/HM6147P (Plastic) 


Remarks 


Sam- 
ples 


Total com- 
ponent 
hours 


Fail- 
ures 


Failure 
rate* 


Sam- 
ples 


Total com- 
ponent 
hours 


Fail- 
ures 


Failure 
rate* 


High- 
temperature 
dynamic 
operation 


Ta=125°C 
V D D=13.2V 

(NMOS) 
V C C=5.5V 

(CMOS) 
t cyc =3us 


2330 


C H 
3.46x10' 


6*' 


1/hr 
2.12x10"' 


1216 


C H 
1.90x10"' 


3*2 


1/hr 
2.19x10"' 


*' Oxide 
failure x 6 
Oxide 
failure x 1 
Electrostatic 
discharge x 1 
Unknown x 1 


High- 
temperature 
storage 


Ta=150°C 


45 


4.5x10" 





2.0x1 0- 5 


20 


2.0x10" 





4.6x10'' 




High- 
temperature 
and high- 
humidity 
bias 


Ta=85°C, 
RH=85% 
Vdd=12V 

(NMOS) 
V C C=5.5V 

(CMOS) 


3081 


6.2x10' 


19«a 


3.1x10"' 


630 


1.3x10' 


4»4 


4.0x10' 


* 3 Aluminium 
corrosion x 17 
Unknown x 2 

*" Aluminium 
corrosion x 3 
Unknown x 1 



• Estimated failure rate with confidence level 60%. 
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Test item 


Test condition 


HM4864 

(Ceramic) 


HM4864 
(Cerdip) 


EPROM 
(Cerdipl 


HM4716AP 


HM6116P/ 
HM6147P 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Temperature 
cycling 


-65°C~RT~150°C 
10 cycles 


1208 





260 





50 





— 


— 


— 


— 


Temperature 
cyclmg 


_SS o C~RT~150°C 
10 cycles 


- 


- 


- 


- 


310 





7892 





2080 





Temperature 
cycling 


-S5°C~ 150"C 
1000 cycles 


164 





100 





50 





600 





- 


- 


Thermal shock 


-65°C~ 150°C 
15 cycles 


22 





60 





72 





190 





- 


- 


Thermal shock 


0°C~ 100°C 
15 cycles 










197 





138 





60 





Soldering heat 


260rC, 10 seconds 


22 





22 





22 





128 





60 





Mechanical 
shock 


1.500G, 0.5ms 


22 





38 





38 













Variable 
frequency 


20~2,000Hz, 20G 


22 





38 





38 













Constant- 
acceleration 


20.000G 


22 





38 





38 














2.3 Change of electrical characteristics under endur- 
ance test for IC memories 

The degradation of IcbO of the cel1 transistor, 
degradation of hpg. etc., can be considered as main 
factors in the internal elements for reliability of 
Bipolar memories. In actual element designing. 



however, it has been designed to operate in the 
range at which these degradations do not happen. 
Therefore changes of electrical characteristics in- 
cluding access time are not observed. 
Time dependence in access time for HM10470 is 
shown in Fig. 1. 



Fig. 1 Example of Change in Bipolar Memory Characteristics 



Example 



Example of time change in access time for Bipolar memory 



Device name 



Test condition 



Failure criteria 



Failure 



mechanis 



HM 10470 



Ta=l25°C,V EE =-5.2V 



t AA =25ns 



Surface degradation 



Access time (t AA ) is stabilized and is within the failure 
criteria. 



Measuring Condition T Maximum 
i Average 
1 Minimum 

Marching Pattern 



500 1,000 2,000 

Time (hr) 



V TH is a basic parameter in the MOS memories, 
however, it has been confirmed there is not any 
shift in V TH for practical usage because we have 
applied surface stabilizing technique, clean process, 
etc. 

In case of dynamic RAM which needs refresh cycle, 
refresh time is also stabilized owing to the above- 
mentioned process. Time dependence of Vcc min 
and t R EF characteristics for the 64K DRAM are 
shown in Fig. 2 and 3. 



7 

_ 6 
5 5 
.5 4 

^2 
1 





HM4864-3 N = 50pcs 



J-i h 



— Specificalia 



_I K 



Measuring Conditions 

■ 7o = 25t 

• tuc = 200ns 

■ Marching Pattern 



500 1,000 1,500 
Time (hrs) 



2,000 



Fig. 2 Vcc min tin,e dependence in dynamic operation 
test at 125° C 
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HM4864-3 Measuring To=70"C 
N=50pcs Conditions Vcc = t£V 

Disturb Pattern 







Mors Th&n 


100 




lWms 
I 








I 














i 




\ 


k, 






W 






5 50 





























► 



Specification 

2ms 

/ 



500 



1.000 1.500 
Time (hrs) 



2,000 



Fig. 3 Time dependence in refresh time (t REF ) in dynamic operation test at 125°C 



2.4 Classification of failure modes 

Examples of failures happened in the field are 
shown in Fig. 4 and 5. Since memory LSIs generally 
require the most fine processing in semiconductor 
manufacturing technology, the percentage of fail- 
ures resulting from pinholes, photoresist defects, 
foreign materials, etc., is tending to increase. To 
eliminate the latent defects which are generated in 
these manufacturing processes, we are constantly 



improving these processes, and performing burn-in 
screening under high temperature for all memories. 
In addition, since the analysis of failures in the field 
can result in important feedback to improve their 
design and manufacturing, we are always exerting 
our efforts to collect customer process data and 
field data with the aim of further establishing their 
high reliability. 




)efective Photo- 
lithography 3% 
Defective Metalization 3% 

Fig. 4 Classification of Failure Modes of Bipolar Memory 
in the field 




■ 



Fig. 5 Classification of Failure Modes of MOS Memory 
in the field 
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3. SOFT ERROR 
3.1 Soft Error Mechanism 

As mentioned before, IC memories have been 
increasingly miniaturized. Miniaturization, which 
means reduction of the horizontal plane dimensions 
as well as the vertical dimensions, causes signal level 
on the chip and storage charge of dynamic memories 
to be also decreased. An obstacle lying before 
miniaturization is soft error. Soft errors can be 
characterized as "transitory failures in which normal 
memory operation can be recovered by reprogram- 
ming information." Soft errors are caused by 
a-particles emitted from U and T H contained in the 
packaging materials. As memory chips are exposed 
to a-particles, a great deal of electron-hole pairs 
are induced in Si substrate. These induced electrons 
cause memory information reversion. Fig. 6 shows 
the mechanism of information reversion in NMOS 
dynamic memory by a-particles. In case of NMOS 
dynamic memory, negative voltage is applied to the 
Si substrate. Therefore, positive holes are drawn by 
substrate, and only electrons cause information 
reversion (from information "1" to "0") of memory 



cell. Fig. 6 shows misoperation seen in memory cell. 
Such a failure mode, which is defined as "Memory 
cell mode of soft errors," is distinguished from "Bit 
line mode." "Bit line mode" of soft errors is shown 
in Fig. 7. As information in memory cell is read out 
on bit line, bit line potential changes depending on 
memory cell information. The changing value is very 
small (several 100 mV), and compared with stand- 
ard potential (potential read out from dummy cell), 
it is amplified by sense amplifier. If bit line is 
exposed to a-particles during the very short period 
between read-out from memory cell and amplifica- 
tion by sense amplifier, bit line potential decreases. 
And as it becomes less than standard potential, 
misoperation from information "0" to "1 " will take 
place. On the other hand, with decrease of standard 
potential, misoperation from information "1" to 
"0" is seen. Both are called "Bit line mode" because 
errors appear at irradiation of a-particles. Soft error 
dependence on cycle time is shown in Fig. 8. 



Polvsilicon Gate 



C 



icon Subsiraie 



L V- 

Information Storage Areai * 

e being absent'! \ 

1 — 



3 f 












I 



a- particle 



] [ 



mum i 
S 



(a) Memory information at "1 " 
(Electrons are absent) 
(1 Transistor type memory cell) 



(b) Incident o-particle generate a 
large quantity of electron-hole 
pairs. Generated electrons enter 
the information storage area and 
holes are drawn to the substrate 
power supply. 



(c) Inversion of memory informa- 
tion from "1 " (electrons "ab- 
sent") to "0" (electrons "filled") 



Fig. 6 Misoperation in Memory Cell 
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/ 



Bit Line Potential 



/ Reference Level 



Information .„ 









Pre- Inforamtion Amplified 
charge Read Cycle 

o 



(a) Read out memory information 
into bit line 



(b) Inversion of information 
from "1 " to "0" 
(fall of "1 " potential) 

Fig. 7 Misoperation on Bit Line 



(c) Inversion of information 
from "0" to "1 " 
(fall of standard potential) 



10- 



10 ; 



10 



1 



Cell Mode 



Mixed Mode 




Bit Line Mode 



1 10 10 ! 10 3 

Cycle Time (Relative Figure) 

8 Soft Error Rate's Dependence on Cycle Time 



Actual products will have three types of failure 
modes, that is, cell mode, bit line mode and mixture 
of both modes. Soft error mechanism of static MOS 
memories and of bipolar memories are different 
from the above-mentioned mechanism in dynamic 
MOS memories. 

In case of static memory, certain level of current 
always flows through the cell in order to retain the 
data in flip-flop circuit. When partial current in- 
duced by a-particles exceeds the retention current, 
misoperation occurs because of reversion of flip-flop 
circuit. 



3.2 Examples of soft error preventive measures in 
products 

At the initial stage of the 64K DRAM development, 
its soft error rate was estimated from accelerated 
irradiation test data to be higher than the expected 
design value. Hitachi has performed the following 
soft error preventive measures. 

1) Selection of packaging materials which emit a 
minimal number of a-particles. 

2) Application of chip coating technology to pre- 
vent the a-particles. 

3) Use of circuitry and layout technology with 
inherent ability to resist a-particles. 

Owing to these corrective measures, soft errors in 
64K DRAM have reached a practically acceptable 
level. Preventive measures applied for 64K DRAM 
are also applied to other types. 16K DRAM with 
single power supply 5V family, for which chip 
coating was originally used, no longer requires this 
coating because of remarkable improvement by the 
third measure. 
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1 2 3 4 5 6 7 
Supply Voltage Vcc (V) 



Fig. 9 Example of Soft Error Improvement on 1 6K-bit 
Dynamic RAM 

3.3 Request for soft error preventative measures in 
system equipment 

Thus our efforts to reduce soft errors have resulted 
in almost trouble-free memories. System reliability 
can be more improved by supplying some functions, 
that is, ECC device for lage memory system and 
parity bit for small one. 
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4. RELIABILITY CLASSIFICATION 

In designing IC memories, Hitachi classifies memory 
reliability by their application and controls the 
flows of design, production and test. Reliability can 
be roughly classified as follows: 

(I) For large scale computers and electronic 
exchangers 

(II) For important parts for auto-motive applica- 
tion 

(III) General communication-industrial use 

In using our products, therefore, we would like you 
to consider the classification of the application. 
Especially, when you are going to apply our 
memories to any special equipment, please do not 
hesitate to consult our sales engineering staff. 
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■ PRECAUTIONS FOR HANDLING IC MEMORIES 



A variety of IC memories of high-spped, high-power 
and static lower power dissipation CMOS have been 
developed and commercially available, which allows 
an electronics designer to properly select the one 
best suited for a particular application. However, he 
must be familiar with the advantages and disadvan- 
tages of the devices to make the optimum selection 
and to prevent them from malfunctioning or, in the 
worst case, from breaking down. Precautions for 
handling IC memories given below will help the 
electronics designers to work out their optimum 
circuit designs. 

1. BIPOLAR IC MEMORY 

1.1 Prevention of static electricity 
Bipolar memories have been considered to have 
high resistance to the static electricity than MOS 
ICs. However, the presently available high speed IC, 
represented by bipolar memories, must be provided 
with a suitable preventive measure against the static 
electricity. Because their diffused junctions have 
become thinner than the conventional types, in 
order to perform higher capability. Take note of the 
following points. 

(1) Keep all terminals of a device in the conductive 
mat during transportation and storage to keep 
them at the same potential. A conductive mat 
called "MOSPAK" is commercially available. 
Unless otherwise specially stated, all HITACHI 
IC memories will be shipped in our conductive 
mats. Store them as they are. 

(2) When handling by hand IC memories for 
inspection or connection, his finger must be 
grounded as shown in Fig. 1. Do not forget to 
insert a 1M ohm resistor to protect him against 
an electric shock. 

Insulated flip 

Coppfr rniK \ I 

pui h M • lin«.T Sliding «irt I 

'•bnw 1 m<-'i r IMfiXW res isi..r 



Fig. 1 

(3) It is advisable to control the ambient relative 
humidity at about 50 per cent to prevent the 
occurrence of static electricity. 

(4) It is also recommendable to wear cotton clothes 
instead of the ones made of synthetic fabrics to 
prevent the static electricity from occurring. 



(5) It is desirable to ground the soldering iron tips. 
Use a low voltage soldering iron (12 or 24V), if 
possible. 

(6) When IC memories mounted on the circuit 
boards are shipped, it is preferable to pack 
them with conductive mats. 

1.2 Prevention of Reverse Insertion of IC Pinouts 

In the case of reverse insertion of IC pinouts to 
board, ICs which have symmetrical pinouts between 
Vee and Ground causes high current flown. Inter- 
connection on the chip is melted and device is 
destroyed. Precaution must be made even for the 
ICs which do not have symmetrical pinouts between 
Vee and Ground, because excess current flows and 
sometimes device is destroyed. On the device 
package, marking cf No. 1 pin is stamped. Please 
watch this marking and insert ICs properly. 

1.3 Mounting and Removal of ICs during Voltage is 
supplied 

Usually, rather high current flows in regulator of 
bipolar memory. Therefore, if ICs are put in and 
pulled out to board during voltage is supplied, high 
voltage induced at current on/off destroys ICs. 
Mount and remove ICs after supply voltage is cut 
off. Same precaution must be made in measure- 
ment with tester. 

1.4 Prevention of Oscillation 

ECL bipolar memory has high cut-off frequency of 
transistor. Therefore, sometimes, oscillation is 
caused in relation with external circuit, and misope- 
ration of ICs is occurred. In such cases, about 0.1 
uF of capacitor, which has good high frequency 
characteristics, is recommended to put between ICs 
and voltage supply line. 

1.5 Precaution on Simple "H" Level of ECL 
Memory 

In some cases, it is seen that input of ICs is directly 
connected to ground to fix input as "H" level. 
However, it sometimes causes misoperation in con- 
junction with internal circuit composition. "H" and 
"L" level of input are specified as V||_( m j n ) and 
VlH(max) for ICs respectively. Please refer them 
and use ICs properly. 

1.6 Cooling 

Power dissipation of bipolar memory is 400mW to 
1000mW depending on products. In the case many 
bipolar memories are mounted on the board, natural 
convention is insufficient for cooling. Therefore, 
please run forced air cooling with velocity higher 
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than 2.5m/s, In addition, by cooling, improvement 
of reliability can be expected as shown in Fig. 2. 
We recommend the junction temperature to be kept 
less than 85°C for high reliability use. 




_i — j — i — i 1 i . i 

200 175 ISO 125 100 75 50 25 
Junction Temperature on Operation T, CO 



Fig. 2 Example of derating of ECL 



1.7 Other Precautions 

(1 ) Deforming of magazine and carrier 

Since material of plastic magazine and carrier 
(for ECL flat package) is usually thermal 
plasticity, they deforms at temperature higher 
than 40 to 50°C and may not perform suffi- 
ciently. If burn-in is carried out at users, please 
use aluminum magazine or other metal fixtures. 

(2) Shock at transportation 

Glass sealed type package is fragile. Usual 
handling and drop test (JIS C7021 A-8) on 
individual devices do not cause any problem. 
However, it devices packed in magazine receive 
strong shock such as drop shock, devices hit 
neighbouring devices and packages may be 
damaged. Therefore, at transportation or load- 
ing on/off, be careful not to drop them. Even 
after devices are mounted on board, IC 
packages may be damaged if strength of board 
is not enough and board receives strong deform- 
ing stress. Please be careful on strength of 
board and handling. If any questions rose at 
using Hitachi products, please feel free to 
contact closest Hitachi representatives or 
offices. 



2. MOS IC MEMORY 

2.1 Prevention of static electricity 

Similar to bipolar IC memories, suitable preventive 
measures should be taken for MOS IC memories by 
referring to paragraph 1.1. 

2.2 Absorption of power source noise 

The source current level flowing in the dynamic 
memory during the time of access is considerably 
different from that of stand by. Although the 
current difference is quite effective to save the 
power consumption, the current spike may be 
developed into the power source noise. Since all 
MOS IC memories are, in general, accessed while 
being refreshed, it is recommended to insert large 
capacitors (a 10 /iF capacitor for every 9 pieces of 
16K-bit HM4716A, for example) as well as a 0.1 /jF 
capacitor having good high-frequency characteristics 
for each memory. Needless to say, it is very 
important to reduce the power circuit impedance 
when designing. 

2.3 Current spike in V B B Power 

The V bb Power is necessary for maintaining the IC 
memory function in the reverse bias and the current 
does not generally exceed the level of the reverse 
leakage current. However, in order to prevent an 
accidental current spike which is sharply formed in 
either positive or negative phase by the rise or fall 
clock pulse at the time of access, use a 0.1 fiF 
capacitor for every 2 or 3 memories for absorbing 
such noises. 

2.4 Clock drive ICs 

The TTL to MOS clock drive ICs have special 
designs so that they are capable of quick increase in 
the capacitive load. If a ground wire short-circuits 
either V DD or V cc which appear in the Pin No. 1 
and No. 16 respectively, when the device is at high 
level, the device may be broken down. Carefully 
eliminate such possibility beforehand. 

2.5 Power application sequence 

It is advisable to design the circuits so that power is 
applied in the sequence of V B b. V D d and V cc and 
interrupted in the reverse sequence, here the reverse 
bias V B b is applied first and interrupted last. 
It may be impossible for some small-scaled systems 
to apply power in the above-mentioned sequence 
(for example, when the V B b ' s supplied by a DC to 
DC converter). According to our experiments con- 
ducted in the under-mentioned test conditions, it 
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has been proved that such a small-scaled system as 
to consist of 200 to 300 memory devices is not 
affected by he power application sequence. 
Power application sequence test for N MOS IC 



1.) 

(1) 
(2) 

(3) 



Power voltage: 
Operation mode: 



Test method 

Ambient temperature: 25°C 

V DD =13.2V, V CC =5.0V, 
V lH =5.0V 

AC operation ("0" to 
"16383" all bits scanning). 
t cvc =10Ats 

Read modify write oper- 
tion 

ON (1 min.) — Floating 
(1 min.) 



(4) V BB power: 



2.6 Assessment of the memory system design 

It is quite effective to obtain the power margin 
curves (shmoo curve) for evaluating the memory 
system designs (timing margin or adaptability to the 
peripheral circuits). Investigate the V BB and V DD 
power behaviors by gradually varying their levels, 
and the ones which are closer to the margine shown 
by the memory device itself can be judged to be 
better than others. 

2.7 Overhead parity bit 

Application of MOS IC static memory especially to 
microcomputers has been rapidly increasing due to 
the advantages that MOS static memory is operated 
by a single 5V power source and refreshing is not 
required. 

There are some cases where all bits are used as the 
information bit without inclusion of any parity bit 
by some circuit designing reasons. It is, however, 
desirable to add parity bits to thoroughly avoid the 
memory error. 



time(minute) 



2.) Test results 



Type No. 


Number of 
cycles 


Number of 
sample 


Number of 
failures 


HM4716A 


2000 cycles 


50 
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1. VIEWS ON QUALITY AND 
RELIABILITY 

Basic views on quality in Hitachi are to meet 
individual users' purchase purpose and quality re- 
quired, and to be at the satisfied quality level 
considering general marketability. Quality reuired 
by users is specifically clear if the contract specifica- 
tion is provided. If not, quality required is not 
always definite. In both cases, efforts are made to 
assure the reliability so that semiconductor devices 
delivered can perform their ability in actual operat- 
ing circumstances. To realize the quality in manu- 
facturing process, the key points should be to estab- 
lish quality control system in the process and to 
enhance morale for quality. In addition, quality 
required by users on semiconductor devices are 
going toward higher level as performance of elec- 
tronic system in the market is going toward higher 
one and is expanding size and application fields. To 
cover the situation, actual bases Hitachi is perform- 
ing is as follows; 
(1) 



Build the reliability in design at the 
new product development. 

(2) Build the quality at the sources of manufactur- 
ing process. 

(3) Execute harder the inspection and reliability 
confirmation of final products. 

(4) Make quality level higher with field data feed 
back. 

(5) Cooperate with research laboratories for higher 
quality and reliability. 

With the views and methods mentioned above, 
utmost efforts are made for users' requirements. 

2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Targets 

Reliability target is the important factor in manu- 
facture and sales as wel as performance and price. 
It is not practical to rate reliability target with 
failure rate at the certain common test condition. 
The reliability target is determined corresponding to 
character of equipments taking design, manufacture, 
inner process quality control, screening and test 
method, etc. into consideration, and considering 
operating circumstances of equipments the semicon- 
ductor device used in, reliability target of system, 
derating applied in design, operating condition, 
maintenance, etc. 

2.2 Reliability Design 

To achieve the reliability required based on reliabil- 
ity targets, timely sude and execution of design 
standardization, device design (include process 
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design, structure design), design review, reliability 
test are essential. 

(1) Design Standardization 

Establishement of design rule, and standerdization 
of parts, material and process are necessary. As for 
design rule, critical items on quality and reliability 
are always studied at circuit design, device design, 
layout design, etc. Therefore, as long as standard- 
ized process, material, etc. are used, reliability risk is 
extremely small even in new development devices 
only except for in the case special requirements in 
function needed. 

(2) Device Design 

It is important' for device design to consider total 
balance of process design, structure design, circuit 
and layout design. Especially in the case new 
process and new material are employed, technical 
study is deeply executed prior to device develop- 
ment. 

(3) Reliability Evaluation by Test Site 

Test site is sometimes called Test Pattern. It is 
useful method for design and process reliability 
evaluation of IC and LSI which have complicated 
functions. 

1. Purposes of Test Site are as follows; 

• Making clear about fundamental failure mode 

• Analysis of relation between failure mode and 
manufacturing process condition 

• Search for failure mechanism analysis 

• Establishment of QC point in manufacturing 
2 Effectiveness of evaluation by Test Site are as 

follows; 

• Common fundamental failure mode and fail- 
ure mechanism in devices can be evaluated. 

• Factors dominating failure mode can be 
picked up, and comparison can be made with 
process having been experienced in field. 

• Able to analyze relation between failure 
causes and manufacturing factors. 

• Easy to run tests, 
etc. 

2.3 Design Review 

Design review is organized method to confirm that 
design satisfies the performance required including 
users' and design work follows the specified ways, 
and whether or not technical improved items 
accumulated in test data of individual major fields 
and field data are effectively built in. In addition, 
from the standpoint of enhancement of competition 
power of products, the major purpose of design 
review is to insure quality and reliability of the 
products. In Hitachi, design review is performed 
from the planning stage for new products and even 
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for design changed products. Items discussed and 
determined at design review are as follows; 

(1) Description of the products based on specified 
design documents. 

(2) From the standpoint of specialty of individual 
participants, design documents are studied, and 
if unclear matter is found, sub program of 
calculation, experiments, investigation, etc. will 
be carried out. 

(3) Determine contents of reliability and methods, 
etc. based on design document and drawing. 

(4) Check process ability of manufacturing line to 
achieve design goal. 

(5) Discussion about preparation for production. 

(6) Planning and execution of sub-programs for 
design change proposed by individual specialist, 
and for tests, experiments and calculation to 
confirm the design change. 

(7) Reference of past failure experiences with 
similar devices, confirmation of method to 
provent them, and planning and execution of 
test program for confirmation of them. These 
study and decision are made using check lists 
made individually depending on the objects. 



3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

3.1 Activity of Quality Assurance 

General views of overall quality assurance in Hitachi 
are as follows; 

(1) Problems in individual process should be solyed 
in the process. Therefore, at final product stage, 
the potential failure factors have been already 
removed. 

(2) Feedback of information should be made to 
insure satisfied level of process ability. 

(3) To assure reliability required as an result of the 
things mentioned above is the purpose of 
quality assurance. 

The followings are regarding device design, quality 
approval at mass production, inner process quality 
control, product inspection and reliability tests. 

3.2 Quality Approval 

To insure quality and reliability required, quality 
approval is carried out at trial production stage of 
device design and mass production stage based on 
reliability design described at section 2. 
TJie views on quality approval are as follows; 



Step 



Contents 



Target 




Design Review 


Specification 





Design 
Trial 

Product ion 



Materials, Parts 
Approval 



Characteristics of Material and 
Parts 

Appearance 

Dimension 

Heat Resistance 

Mechanical 

Electrical 

Others 







Purpose 





Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 



Characteristics Approval 



Electrical 
Characteristics 

Function 

Voltage 

Current 

Temperature 

Others 
Appearance, Dimension 



1 



Confirmation of Target 
Spec. Mainly about 
Electrical 
Characteristics 
1 



Quality Approval ( 1 ) 



I 



Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 



Confirmation of Quality 
and Reliability in Design 



Quality Approval (2) 



Mass 

Production 



Reliability Test 






Process Check 


same as 


Quality Approval ( 1 ) 







Confirmation of Quality 
and Reliability in Mass 
Production 



Fig. 1 Flow Chart of Quality Approval 



O' 



30 



HITACHI 



(1) The third party executes approval objectively 
from the stand point of customers. 

(2) Fully consider past failure experiences and 
information from field. 

(3) Approval is needed for design change and work 
change. 

(4) Intensive approval is executed on parts material 
and process. 

(5) Study process ability and fluctuation factor, 
and set up control points at mass production. 

Considering the views mentioned above, quality 
approval shown in Fig. 1 is executed. 
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3.3 Quality and Reliability Control at Mass Produc- 
tion 

For quality assurance of products in mass produc- 
tion, quality control is executed with organic 
division of functions in manufacturing department, 
quality assurance department, which are major, and 
other departments related. The total function flow 
is shown in Fig. 2. The main points are described 
below. 




Quality Control 



Method 



Inspection on Material and 
Parts for Semiconductor 
Devices 



Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 



Inner Process 
Quality Control 



100% Inspection on 
Appearance and Electrical 
Characteristics 



Sampling Inspection on 
Appearance and Electrical 
Characteristics 



Reliability Test 



Quality Information 
Claim 

Field Experience 
General Quality 
Information 



1 



Lot Sampling, 
Confirmation of 
Quality Level 



Confirmation of 
Quality Level 



Lot Sampling, 
Confirmation of 
Quality Level 



Testing, 
Inspection 



Lot Sampling 



Confirmation of 
Quality Level, Lot 
Sampling 



Feedback of 
In formation 



Fig. 2 Flow Chart of Quality Control in Manufacturing 
Proces5 
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3.3.1 Quality Control of Parts and Material 

As tendency toward higher performance and higher 
reliability of semiconductor devices, is going, impor- 
tance is increasing in quality control of material and 
parts, which are crystal, lead frame, fine wire for 
wire bonding, package, to build products, and 
materials needed in manufacturing process, which 
are mask pattern and chemicals. Besides quality 
approval on parts and materials stated in section 
3.2, the incoming inspection is, also, key in quality 
control of parts and materials. The incoming inspec- 
tion is performed based on incoming inspection 
specification following purchase specification and 
drawing, and sampling inspection is executed based 
on MIL-STD-105D mainly. 

The other activities of quality assurance are as 
follows; 

(1) Outside Vendor Technical Information Meeting 

(2) Approval on outside vendors, and guidance of 
outside vendors 

(3) Physical chemical analysis and test 

The typical check points of parts and materials are 
shown in Table 1. 



• Table 1 Quality Control Check Points of Material 
and Parts (Example) 



Material. 
Parts 


Important 
Control Items 


Point for Check 


Wafer 


Appearance 

Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 


Damage and Contamina- 
tion on Surface 
Flatness 
Resistance 
Defect Numbers 


Mask 


Appearance 
Dimension 
Resist oration 
Gradation 


Defect Numbers, Scratch 
Dimension Level 

Uniformity of Gradation 


Fine 
Wire for 
Wire 
Bonding 


Appearance 

Dimension 
Purity 

Elongation Ratio 


Contamination, Scratch, 
Bend, Twist 

Purity Level 
Mechanical Strength 


Frame 


Appearance 

Dimension 

Processing 

Accuracy 
Plating 
Mounting 

Characteristics 


Contamination, Scratch 
Dimension Level 

Bondability, Solderability 
Heat Resistance 


Ceramic 
Package 


Appearance 
Dimension 
Leak Resistance 
Plating 
Mounting 

Characteristics 
Electrical 

Characteristics 
Mechanical 

Strength 


Contamination, Scratch 
Dimension Level 
Airtightness 

Bondability, Solderability 
Heat Resistance 

Mechanical Strength 


Plastic 


Composition 

Electrical 

Characteristics 
Thermal 

Characteristics 
Molding 

Performance 
Mounting 

Characteristics 


Characteristics of 
Plastic Material 

Molding Performance 
Mounting Characteristics 



3.3.2 Inner Process Quality Control 

Inner process quality control is performing very 
important function in quality assurance of semicon- 
ductor devices. The following is description about 
control of semi-final products, final products, manu- 
facturing facilities, measuring equipments, circum- 
stances and sub materials. The manufacturing inner 
process quality control is shown in Fig. 3 corre- 
sponding to the manufacturing process. 

(1) Quality Control of Semi-final Products and 
Final Products 

Potential failure factors of semiconductor 
devices should be removed preventively in 
manufacturing process. To achieve it, check 
points are set-up in each process, and products 
which have potential failure factor are not 
transfer to the next process. Especially, for high 
reliability semiconductor devices, manufactur- 
ing line is rigidly selected, and tighter inner 
process quality control is executed — rigid 
check in each process and each lot, 100% 
inspection pointed process to remove failure 
factor caused by manufacturing fluctuation, 
and execution of screening needed, such as high 
temperature aging and temperature cycling. 
Contents of inner process quality control are as 
follows; 

• Condition control on individual equipments 
and workers, and sampling check of semi- 
final products. 

• Proposal and carrying-out improvement of 
work 

• Education of workers 

• Maintenance and improvement of yield 

• Picking-up of quality problems, and execu- 
tion of countermeasures 

• Transfer of information about quality 

(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 

Manufacturing equipments are extraordinary devel- 
oping as higher performance devices are needed and 
improvement of production, and are important 
factors to determine quality and reliability. In 
Hitachi, automatization of manufacturing equip- 
ments are promoted to improve manufacturing 
fluctuation, and controls are made to maintain 
prompt operation of high performance equipments 
and perform the proper function. As for mainte- 
nance inspection for quality control, there are daily 
inspection which is performed daily based on 
specification related, and periodical inspection 
which is performed periodically. At the inspection, 
inspection points listed in the specification are 
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checked one by one not to make any omission. As 
for adjustment and maintenance of measuring 
equipments, maintenance number, specification are 
checked one by one to maintain and improve 
quality. 

(3) Quality Control of Manufacturing Circum- 
stances and Sub-materials 
Quality and reliability of semiconductor device is 
highly affected by manufacturing process. There- 
fore, the controls of manufacturing circumstances - 
temperature, humidity, dust — and the control of 



submaterials — gas, pure water — used in manufac- 
turing process are intensively executed. Dust control 
is described in more detail below. 
Dust control is essential to realize higher integration 
and higher reliability of devices. In Hitachi, mainte- 
nance and improvement of cleanness in manufactur- 
ing site are executed with paying intensive attention 
on buildings, facilities, air-conditioning systems, 
materials delivered-in, clothes, work, etc., and peri- 
odical inspection on floating dust in room, falling 
dusts and dirtiness of floor. 



Process 

V Purchase of Material 



Control Point 



Wafer- 



Frame — 



'Surface Oxidation 
3 Inspection on Surface 
Oxidation 
) Photo Resist 

] Inspection on Photo Resist 

OPQCLevel Check 
3 Diffusion 

i Inspection on Diffusion 
OPQC Level Check 

> Evaporation 

3 Inspection on Evaporation 

OPQC Level Check 
3 Wafer Inspection 

Inspection on Chip 
Electrical Characteristics 
Chip Scribe 
Inspection on Chip 
Appearance 

OPQC Lot Judgement 



Package- 



6 Assembling 



OPQC Level Check 

y Inspection after 
Assembling 

OPQC Lot Judgement 

<J> Sealing 

OPQC Level Check 
§ Final Electrical Inspection 
OFailure Analysis 

13 Appearance Inspection 
^Sampling Inspection on 

Products 
6 Receiving 



Shipment 



Wafer 
Oxidation 



Photo 
Resist 



Diffusion 



Evapo- 
ration 



Wafer 
Chip 



Assembling 



Sealing 
Marking 



Characteristics, Appearance 



Appearance, Thickness of 
Oxide Film 



Dimension, Appearance 

Diffusion Depth, Sheet 

Resistance 

Gate Width 

Characteristics of Oxide Film 
Breakdown Voltage 

Thickness of Vapor Film, 
Scratch, Contamination 



Thickness, Vth Characteris- 
tics 

Electrical Characteristics 
Appearance of Chip 



Appearance after Chip 
Bonding 

Appearance after Wire 
Bonding 

Pull Strength, Compresion 
Width, Shear Strength 
Appearance after Assembling 



Appearance after Sealing 
Outline, Dimension 
Marking Strength 

Analysis of Failures, Failure 
Mode, Mechanism 



Purpose of Control 



Scratch, Removal of Crystal 
Defect Wafer 
Assurance of Resistance 
Pinhole, Scratch 



Dimension Level 
Check of Photo Resist 
Diffusion Status 

Control of Basic Parameters 
(Vth, etc) Cleaness of surface, 
Prior Check of Vih 
Breakdown Voltage Check 
Assurance of Standard 
Thickness 



Prevention of Crack, 
Quality Assurance of Scribe 



Quality Check of Chip 
Bonding 

Quality Check of Wire 
Bonding 

Prevention of Open and 
Short 



Guarantee of Appearance 
and Dimension 



Feedback of Analysis Infor- 
mation 



Fig. 3 
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3.3.3 Final Product Inspection and Reliability As- 
surance 

(1) Final Product Inspection 

Lot inspection is done by quality assurance depart- 
ment for products which were judged as good 
products in 100% test, which is final process in 
manufacturing department. Though 100% of good 
products is expected, sampling inspection is exe- 
cuted to prevent mixture of failed products by 




mistake of work, etc. The inspection is executed not 
only to confirm that the products meet users' 
requirement, but to consider potential factors. Lot 
inspection is executed based on MIL-STD-105D. 
(2) Reliability Assurance Tests 
To assure reliability of semiconductor devices, 
periodical reliability tests and reliability tests on 
individual manufacturing lot required by user are 
performed. 



Customer 



Claim 

(Failures, Information) 



Sales Dept. 

Sales Engineering Dept. 



n 



Quality Assurance Dept. 



Manufacturing Dept. 



Design Dept. 



Report 



Quality Assurance Dept. 



| 



Failure Analysis 



Countermeasure 
Execution of 
Countermeasure 



Follow-up and Confirmation 
of Countermeasure Execution 



Report 



Sales Engineering Dept. 



Reply 



Customer 



Fifl. 4 Pr OCT » Flow Chart of Fi.ld F.ilur. 
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1. Inspection Method 

Compared to conventional core memories, all peri- 
pheral circuits such as the decoder circuit, write 
circuit, read circuit, etc., are contained within the 
IC memories. As a result, all works of assembling 
the parts and performing electrical inspection, 
which had been carried out. by core memory 
manufacturers in the past, have be come to be 
incorporated as works of IC manufacturers. Con- 
sequently, the electrical inspection of the memory 
IC has been faced to a more systematic inspection 
method and conventional IC inspection facilities 
have become completely useless. This has led to the 
development and introduction of a memory tester 
with pattern generator to generate the inspection 
pattern of the memory IC at high speed. A function 
test for such as TTL gates can be performed even by 
a comparatively simple DC parameter facility. How- 
ever, when the address input becomes multiplexed 
as in 16K memory, even the generation of the 
function test pattern becomes a serious problem. In 
the memory IC inspection, its quality cannot be 
judged by only inspecting DC characteristics related 
to external pins. This is because numbers of 
transistors, etc., related to the DC characteristics of 
the pins only amount to 1/1000 of all element 
numbers within IC memories. The following various 
address patterns are proposed to inspect whether or 
not the internal circuits are functioning correctly. 

(1) All "Low", all "High" 

(2) Checker flag 

(3) Stripe pattern 

(4) Marching 

(5) Galloping 

(6) Walking 

(7) Ping-pong 

Although there are a lot of address patterns, only 
representative ones have been listed. These patterns 
are convenient for checking the mutual finter- 
ference of bits and sometimes are patterns with 
maximum power dissipation. Among the above- 
mentioned patterns, those of (1) to (4) are the 
socalled N patterns and these patterns are capable of 
checking IC memories of N bits with several 
sequences of N at most against the memory IC of N 
bits. Whereas, those of (5) to (7) are caled N 2 
patterns and they need patterns several sequences of 
N 2 . 

A serious problem arises in using the N 2 patterns in 
a large-capacity memory, for example, a long period 
of about 30 minutes becomes necessary to perform 
inspection of the 16K memory with galloping 



pattern. Patterns from (1) (3) are comparatively 
simple and good methods, but they are not perfect 
against a failure in the decoder circuit. As the most 
simple pattern for inspecting the necessary memory 
function, there is a "Marching" pattern. 

2. Marching Pattern 

The marching pattern, as its name indicates, is a 
pattern in which "1"s march into all bits written in 
"0"s. The addressing method will be explained for a 
simple 1 6 bit memory as an example. 

(1) Write "0" for all bits Fig. 1 (a) 

(2) Read "0" of 0th address and check that the 
read data is "0". Hereafter, the meaning of 
"Read" is "checking and judging the data". 

(3) Write "1" in the 0th address Fig. I (b) 

(4) Read "0" of 1st address 

(5) Write "1" in 1st address 

(6) Read "0" of nth address 

(7) Write "1" in nth address Fig. 1 (c) 

(8) Repeat above procedures (6) and (7) up to the 
last. Finally, all data will become "1". 

(9) Since all data are "1"s in this condition, replace 
"0" and "1" after procedure (2) and repeat 
once more up to procedure (8). 

It is understood that 5N address patterns are 
necessary for the N bit memory in this method. 






Fig. 1 Addressing method for 16 bits memory in the 
Marching pattern 

3. Generation of Marching Pattern 

The method of generating the marching pattern and 
displaying failed bits of the memory on the Braun 
tube will be introduced. Fig. 2 shows the all block 
diagram. The address pattern is generated by using 
four synchronous 4 bit counters. All address pat- 
terns are shown in Fig. 4. This example, is for 16K 
bit memory, however, it can be easily understood 
that A14 which has a half frequency of the 
maximum address input A13 is the same as the data 
input. 

The A15 signal together with the carrier signal of 
HD74161 is used to determinine the termination of 
the sequence. 

As shown in Fig 2. In the read and write cycles after 
cleaning all bits addressing is twice the period of 
clearing. This switching is performed at the gate of 
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the binary circgit following the reference pulse 
generating circuit. 



ADDRo 
ADDRi 
ADDRi 
ADDRi 




power voltage V B b. the increase and decrease of the 
failed bits can be well understood. The operation of 
the memory can be dynamically understood by 
displaying its operation on the CRT. The operation 
of the memory IC is extremely complicated differ- 
ing from other TTLs, etc.. Its operation is not easy 
to understand by pulse waveform observation with 
an ordinary oscilloscope. The fail bit map as shown 
in Fig. 5 is extremely useful. It is capable of visually 
understanding the operation of memory IC. 



Fig. 2 Marching Pattern Generating Circuit 



A, ~ 

As- 
A,- 



A>- 

AlB- 

Aj,- 
A,!- 
Aia- 




Hk* Z Axis of Oscilloscope 



D/A Converter 




V Axis of Oscilloscope 



From Comparator Circuit 




— X Axis of Oscilloscope 




(b) Vbb=-0.1V X Address 

Fig. 5 Example of Dependency of Fail Bit Map on Vbb 



Fig. 3 Fail Bit Map Display Circuit 



-1 Sequence - 



-rRe«d-0"W'rite- 




Fig. 4 Entire Pulse Relations 

Input the output of HD74161 is input to the D/A 
converter and the output of D/A converter is 
connected to the oscilloscope to display «* X-Y 
matrix. The output of the comparator circuit is 
connected to the Z axis and performs luminous 
intensity modulation. In this way, the fail bit map 
can be displayed on the CRT. Fig. 5 shows an 
example checking a voltage margin. By changing the 




X Address 

Fig. 6 Example of 1 bit solid fail 

4. Failure Mode 

Generally, failure 70% ~ 90% of failures at users are 
of those called solid failure. This failure mode has 
no relation with access time, voltage margin and 
timing, and is not capable of reading from or writing 
to certain specified bits and is failure fixed to "0" 
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or "1". An example of single bit solid failure is 
shown in Fig. 6. The convenient checker, previously 
mentioned as simple tester, is sufficiently capable of 
detecting such failures. Therefore, with the excep- 
tion of special cases, it can be considered that the 
necessity of performing high-precision measure- 
ments such as those made by memory IC manufac- 
turers is rare. 

In the inspection of memory IC at our company, 
full inspection under the worst conditions are 
performed so as to guarantee sufficient operations 
under all power voltage conditions and timing 
conditions listed in the data sheet. 
An extremely accurate memory tester becomes 
necessary for performing high-precision inspection 
with 1ns accuracy. Our company is developing IC 
memory testers to supply memory ICs with excel- 
lent characteristics and quality to users and is 
establishing the system capable of developing 
further high-efficiency memory ICs. 
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1. Power On 

After turning on power to set the memory circuitry, 
hold for more than 500ms and apply eight or more 
dummy loads before actuating the memory. The 
dynamic cycle may be either an ordinary memory 
cycle or a refresh cycle. When power is turned on, 
power-on current flows which varies with the rise 
time of Vqc and clock conditions, as shown in Fig. 
1. If the rise time is 10>is or thereabout, the RAM 
does not operate dynamically and through-current 
passes to the internal inverter since the potential at 
the internal circuitry becomes unstable. Neverthe- 
less, this through-current decreases as the operation 
of the internal circuitry becomes stable. With all 
this in mind, rise time of not shorter than 100jus is 
recommended for power-up. 



is 
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Vcc Rise Time = 100as 
Time (tie) 



Fig. 1 Relationship between standard value 
of Ice and Vcc during power-up 

2. Operation Modes (See Fig. 2) 

(1) Read Cycle: 

First, decide the X address of the mem ory cell 
chosen and start with trailing of RAS, When 
the X address has been held by the internal 
circuitry, change it to Y address. Then, trail 
CAS to take in the Y address. If the WE pin is 
at high level, output will appear on the Dout 
pin after a certain time. 

(2) Write Cycle: 

The input at Din is written in the memory cell 
when WE turns to low level before CAS. 

(3) Read/Modify/Write C ycle : 

During this cycle, CAS and, then, WE are 
trailed down to low level so that data is read 
out from and written in the same address with 
in the same memory cycle. 

(4) Page Mode Cycle: 

In this cycle; CAS is cyclically moved, after 
taking in the X address through RAS, to scan 
only the Y address. This permits reading out 
and writing in only one column data at high 
speed. 



Addr,,, 3®0©C 



OReed modify »r.te cycle 



Addre., O&XDZ 



OP.ge mode 
Page mode 
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CTs" 



ifresh cycle 
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Fig. 2 Operating modes of Dynamic RAMs 

2. Data Output 

Dout is a TTL-compatible three-state output with 
two TTL-load fan outs. The output is controlled by 
the CAS signals; it is held while CAS is low , while 
Dout returns to a floating state when CAS is high. 
In the early write cycle, the output becomes a high- 
impedance one to permit the use as a common I/O 
terminal. 

3. Refreshing 

Refreshing is a process of periodical rewriting to 
make up for the leakage of the charge accumulated 
in the memory cell. This operation is implemented 
in the RAS only refresh cycle, ordinary read cycle, 
and so on. Whether 16k- or 64k-bit, all bits can be 
refreshed by giving a 1 28-cycle scanning to only the 
X addresses between AO and A6. To be more 
specific, each cycle refreshes 128 bits for the 16k- 
bit Dynamic RAMs an d 51 2 bits for the 64k-bit 
RAMs. Especially, the RAS only refresh cycle per- 
mits such a power-efficient refresh as calls for only 
approximately 75 percent of the current consumed 
by the read cycle. With CAS fixed at high level, the 
output is a high-impedance one. The HM4816A has 
a special function called the hidden refresh which 
enables hold ing the output by turning CAS to 
"low" while RAS only refresh is on. There are two 
methods of refreshing: concentrated and decon- 
centrated refreshing. The former gives a concentrat- 
ed 1 28-cycle refresh after operating the memory for 
a period of 2ms maximum. In contrast, the latter 
repeats a refreshing cycle every 16/is following the 
initial 16/is (=2ms/128) memory operation. A 
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choice between the two modes calls for a careful 
consideration about the system's efficiency. 

4. Operating Current for Dynamic RAMs 

Fig. 3 shows the waveforms of the current applied 
in various operating modes (HM4864). The mean 
operating current in each mode equals the value 
obtained by dividing the integrated result of each 
waveform by the cycle time. The first peak current 
in each operating mode appears as a result of the 
circuit operation during the memory access time. 
On the other hand, the peak current during standby 
appear as a result of the precharging operation in 
each circuit. Having two circuitry operation modes 
— X and Y. Dynamic RAMs show different peak 
currents depending upon the operating timing of 
RAS and CAS. That is, the greatest peak current 
appears when both X and Y circuits operate simulta- 
neously. The maximum peak current for the 
HM4864, for example, is approximately 100mA. 
The current consumed while the memory stands by 
on the board is expressed in terms of the cycle time 
dependency shown in Fig. 4. During standby, with 
a once-in-every 16^s refresh, the HM4864 consumes 
approximately 3mA of current. 




Note : Vcc = 5.0V.r a =Z0*C 
— t-i Sons 

Fig. 3 Power supply voltage I 

i 



held below the highest input level specified. As to 
the undershoot, the input-undershoot-induced par- 
asitic transistor effect in the input area is prevent- 
ed by providing a -5V V B b to the three-way power 
source and a built-in bias circuit on the substrate. 
Normally, design should be such that the input 
undershoot does not exceed the minimum value 
specified for Vil, at worst. The power source noise 
can be further classed into low-frequency noise and 
high-frequency noise as shown in Fig. 5. To assure a 
stable memory operation, the peak-to-peak power 
supply voltage in the presence of low- or high- 
frequency noise should be held below 10 percent of 
its standard level. Overshoot and undershoot can be 
reduced by inserting a damping resistance of several 
tens of ohms in Dynamic RAM series. To prevent 
the power source noise, it is recommended to pro- 
vide a condenser of O.I^F or so to each one or two 
devices. 



High-frequency noise: 

Not more than 10% of standard 

power supply voltage. 




Low-frequency noise : 
Not more than 10% of standard power 
supply voltage. 

Total of low-and high-frequency: 

Not more^than +10% of standard power 



Fig. 5 Power source noise 
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Fig. 4 Cycle time dependence of RAS only 
refresh current (HM4864) 



5. Nolle 

Broadly, noise can be classified into power source 
noise and input signal noise. With the latter, 
furthermore, whether it is an overshoot or under- 
shoot must be considered. The overshoot should be 
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1. PROGRAMMING & ERASING OF EPROM 



1.1 Programming 

Information is programmed into the memory cell of 
an EPROM by applying a high voltage to its drain 
and gate (Fig. 1 and 2). The high voltage at the 
drain increases the energy of the electrons in the 
channel area. When the energy becomes high 
enough, the electrons become what are known as 
"hot electrons" that are capable of jumping across 
the oxide film. Pulled by the high voltage at the 
gate, the hot electrons are admitted into the floating 
gate. The electric charge entering the floating gate 
changes the threshold voltage in the memory ele- 
ment, whereby it is stored as new information. 
When reading out, voltage is applied as shown in 
Fig. 3, and "1" and "0" are identified by checking 
whether or not current flows. Since the drain 
voltage for read-out is set at about 3V, no erroneous 
writing takes place. When shipped, all bits of the 
EPROM are held at logic "1 " with all electric charge 
released (with no information programmed in). 
By changing the logic 1 to logic through the 
application of the specified waveform and voltage, 
the necessary information is programmed in. The 
higher the Vpp voltage and the longer the program 
pulse width t pW , the more will be the quantity of 
electrons to be programmed in, as shown in Fig. 4. 
If the Vpp exceeds the rated value, such as by over- 
shoot, the p-n junction of the memory may yield 
to permanent breakdown. To avoid this, check 
Vpp overshoot by the PROM programmer and 
take all other possible caution. Also with for the 
negative-voltage-induced noise at other terminals, 
since it can touch off a parasitic transistor effect 
and apparently reduce the yield voltage Hitachi's 
EPROMs are usually capable of being written and 
erased more than 100 times, although the number 
of times is not guaranteed because it is difficult 
to give an exhaustive inspection prior to shipment. 
At any rate, 100 times is enough since the fre- 
quency of reprogramming in practical application 
rarely exceeds about 10 times. 
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Fig. 4 Typical Programming Characteristics 
of EPROMs. 



1.2 Erasing 

Data strored in the EPROM is erased by releasing 
the electric charge from the floating gate through 
the exposure of the memory chip to ultraviolet 
light. Light has an energy that is inversely propor- 
tional to its wavelength. Receiving the energy of 
the ultraviolet light, the electrons in the floating 
gate are again turned into hot electrons, which jump 
across the oxide film into the control gate or sub- 
strate. As a result of this process, the stored 
information is erased. Accordingly, the stored 
information can not be erased by such lights whose 
wavelengths are too long to give adequate energy to 
jump over the barrier of the oxide film. For 
successful erasing, the wavelength and minimum 
exposure rate of ultraviolet light are specified as 
2,537A and 15W sec/cm 2 respectively. This condi- 
tion is attained by exposing a device to an ultra- 
violet lamp of 1 2,000MW/cm 2 1 .2 ~ 3cm away for 
approximately 20 minutes. The ultraviolet light 
transmission rate of the transparent lid is about 70 
percent. Any contamination or foreign material 
at the surface of the capsule lowers the transmission 
rate, prolonging the erasing time. So such contami- 
nation should be recovered by use of alcohol or 
other solvent that does not damage the package. 

EPROM Sh ° WS tVPiCa ' 6raSUre ° haraCteriStiCS f ° r 




Fig. 5 Typical Erasing Characteristics 



1.3 Data retention characteristic of EPROM 

As a result of writing in, approximately 0.5 to 2.0 
x 10" 13 coulomb of electrons are accumulated at 
the floating gate. With the elapse of time, however, 
these electrons decrease, as a result of which the 
inversion of stored information can happen. The 
mechanism of electron dissipation is generally 
explained as follow: 



Programming & Erasing of PROMs 

(1 ) Data dissipation by heat 

The accumulation of electrons at the floating 
gate is an unbalanced state, so the dissipation of 
thermally excited electron is unavoidable. 
Therefore, the data holding time has a close re- 
lationship with temperature. Fig. 6 shows 
typical data retention characteristics. The data 
retention time is proportional to the reciprocal 
of absolute temperature. 

(2) Data dissipation by ultraviolet light 
Ultraviolet rays at a wavelength of not greater 
than 3,000 ~ 4.000A is capable of releasing the 
electric charge stored in the memory of the 
EPROM with varying efficiencies. Fluorescent 
light and sunlight contain some ultraviolet rays, 
so prolonged exposure to these lights can cause 
data corruption as a result of electric charge 
dissipation. Fig. 7 shows examples of the data 
retention time under an ultraviolet eraser, 
sunlight and fluorescent lighting. But it should 
be noted that the data for fluorescent light and 
sunlight are not definite because of their vary- 
ing ultraviolet ray contents. The ultraviolet ray 
content in sunlight, for example, varies greatly 
with seasons, weather and the composition of 
the atmosphere. 
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Fig. 6 Typical Data Retention Characteristics 
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(3) Data dissipation by voltage 

This type of data dissipation occurs while infor- 
mation is being written in. At other memory 
cells lying on the same word line or data line as 
the memory cell being programmed, high 
voltage can cause the dissipation of stored 
electric charge. Of course, such defects are 
removed at the factory by pre-shipment inspec- 
tion. The programming voltage and pulse width 
should be always kept within the specified 
range for the same reason. 

1.4 EPROM Programmer 

The 16K EPROM Programmer stores the program in 
its internal RAM and writes the program in the 
EPROM. For this programming, the minimum of 3 
functions, the Blank check function prior to pro- 
gramming, the programming function and the 
Verify function after programming are necessary. 
As shown in the drawing, there are also pro- 
grammers provided with a reverse insertion checking 
function or pin contact checking function prior to 
the Blank Check. The outline of each block is as 
follows. 

(a) Pin contact check 

In the connection test of the ROM pin and the 
socket, normally checking is performed by 
detecting the forward current of each EPROM 
pin. Care is necessary as this forward biased 
resistance differs according to products of each 
company. 

(b) Reverse insertion check 

This check detects the reverse insertion of the 
device, places the equipment in reset mode and 
protects the device and equipment. 

(c) Blank check 

This check is performed prior to programming 
and checks whether or not it is an erased 
EPROM or for preventing EPROM repro- 
gramming. Since the output data in the erased 
condition are "1" (high level), check whether 
or not data in EPROM are all "1". It willfail- 
stop even when 1 bit of "0" (low level). Nor- 
mally, it is designed to provide warning with a 
lamp or buzzer. 

(d) Programming 

The function of programming the data in the 
internal RAM of the programmer into EPROM 
and will fail-stop when programming cannot be 
made. The normal flow is as shown below. The 
EPROM data will be read out prior to pro- 
gramming and compared with programming 
data. If they coincide, programming will be 
skipped and if they differ, programming will be 



performed. Then, read out will be made again 
and compared with the programming data, and 
if they coincide, it will progress to the next 
address. 

( START ) 
1 

/ N 
' X 




( END ) 

(e) Verify 

This function is for checking after programming 
completion whether or not the programming is 
correct when comparing with the data in the 
internal RAM of the programmer and it per- 
formes fail-stop when it does not coincide. 
Normally, when it fails, together with lighting 
of the fail lamp, the address and data are 
displayed. 
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(f) How to input the program 

There are the following methods for inputting 



the program data to the internal RAM of the 
programmer. Normally, paper tape input and 
retypewriter input are options. 



Method 


Content 


Copy input 


Input by copying the master ROM. 


Manual input 


Input by the keyswitch of the front 
panel. Used for correction or 
revision of program 


Paper tape input 


Read the paper tape furnished 
from the host system with the 
tape reader 


Teletypewriter 
input 


Input with the teletypewriter. 
Preparation, correction and list 
preparation of the program can be 
made. 



1.5 Handling EPROM 

When brought in contact with a charged human 
body or rubbed with plastics or dry cloth, the glass 
window of an EPROM generates static electricity 
which causes device malfunctions. Typical malfunc- 
tions are faulty blanking and write marging setting 
that give a wrong impression that information has 
been correctly written in. As already reported at the 
international conferences concerning the reliability 
of LSI chips, this is due to the prolonged retention 
of electric charge (resulting from the static electrici- 
ty) on the glass window. Such malfunctions can be 
eliminated by neutralizing the charges through the 
eradiation of ultraviolet rays for a short time. It is 
recommended to execute reprogramming after this 
eradiation since it reduces the electric charges in the 
floating gate, too. The basic cluntermeasure is to 
prevent the charging of the window, which can be 
achieved by the following methods as in the preven- 
tion of common static breakdown of ICs. 

(1) Establish a ground for the operator to handle 
EPROM. Avoid the use of gloves etc. that may 
develop a static charge. 

(2) Refrain from rubbing the glass window with 
plastics and other substances that may develop 
a charge. 

(3) Avoid the use of coolant sprays which contain 
some ions. 

(4) Use shielding labels (especially those containing 
conductive substances) that can evenly distri- 
bute the established charge. 

1.6 Shielding label 

When using an EPROM in an environment where 
ultraviolet exposure can occur, it is advisable to put 
a shielding label on its glass window to absorb ultra- 
violet light. Specially prepared shielding labels are 



marketed. Metal-loaded labels are particularly effec- 
tive. In choosing a shielding label, the following 
points should be carefully checked. 

(1) Adhesiveness (mechanical strength) 

Avoid repeated attaching and dusting that may 
reduce the adhesive strength. Ultraviolet eras- 
ing and reprogramming are recommended after 
stripping off an attached label. (When the need 
arises to change a label, it is advisable to put a 
new one on the old one since peeling may de- 
velop a static charge.) 

(2) Allowable temperature range 

Use the shielding label in an environment whose 
temperature falls within the specified allowable 
temperature range. Beyond the specified tem- 
perature range, the paste on the label may 
harden or stick too fast. When it hardens, the 
label may come off easily. When it sticks too 
fast, the paste may remain on the window glass 
even after the label has been removed. 

(3) Damp-proofness 

Use the shielding label in an environment whose 
humidity falls within the specified allowable 
humidity range. Today there are few shielding 
labels that can meet all environmental require- 
ments established for the EPROM. So a 
suitable one must be chosen for each specific 
application. 
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2. PROGRAMMING OF BIPOLAR PROMS 
2.1 Programming System 

The storing system of the Bipolar PROM can be 
generally classified into 2 systems; the Blown diode 
system and fuse system. 

The latter is a system in which the metal-made fuse 
is burned off by current (Fig. 5). In the former, 
Emitter-Base junction is short-circuited by Al, 

which has penetrated into Base because of current 






Fig. 5 Fuse system 



2.2 Programming Method 

Programming is executed by the conventional pro- 
gramming equipment (PROM writer) using a board 
suited to the product. 

First, check if all bits are programmable (Blank 
check), next write the pattern you want to program 
one by one bit. At every application of current 
pulse, confirm that program is available by sensing 
output level. And when programming has been 
completed, apply additional pulse. This process 
should be performed for all bits into which you 
want to write, and as you have completed program- 
ming, check (Verify) if you have programmed in the 
same pattern as you intended. If you do not find 
any mistake, programming has been completed. 
For Blank check. Sense and Verify whether output 
pin level is high (non-programmed) or low (pro- 
grammed) is checked by sense current (Is). Vs - Is 
characteristic of normal series and S series is shown 
in Fig. 8 and 9, respectively. Specified value of sense 
current (Is) of both normal series and S series is 20 
mA, and voltage reference level is 7.5 V. 

Fig. 10 and 11 show the relation between program 
current and program pulse number necessary for 1 
bit to be written. With consideration of its influence 
on breakdown voltage, program current is specified 
as 130 mA in normal series and as 90 mA in S series. 



pulse applied to E-B junction (Fig. 6). Generally, 
the blown diode type is considered to be more 
reliable. A grow back phenomenon, that is, migra- 
tion and recombination of the metal, is seen in fuse 
system. HITACHI devices use the blowin diode 
system. 

i 



Short-circuit 
in Programming 

\ / 


Bit Line 
Word Line 







Fig. 6 Blown diode system 
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Fig. 10 Program Pulse - kv Characteristic of Normal 
(HN25089) 



2.3 Programming Characteristics of Hitachi Bipolar 
PROM 

• Small program current 

130 mA for normal series, and 90 mA for S series 
are required for programming. Therefore, there are 
few bad effects caused by breakdown voltage 
degradation and parasitic effects. 

• Fast programming speed 

As seen in Fig. 10 and 11, program pulse for 1 bit 
memory cell can be mostly written at one time 
Consequently, the program time per device is quite 
short. In case of 8K bit, for example, only 2 or 3 
seconds at an average are required. 

• High programming yield 

Unlike the MOS PROM, the Bipolar PROM cannot 
be rewritten, once it is written into the memory 
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Fig. 9 Vs - Is Characteristic of S Series (HN25169S) 
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Fig. 11 Program Pulse - Iw Characteristic of S Series 
(HN25169S) 



cell. 

Therefore, it does not allow programming and 
inspection of the product prior to delivery. Due to 
this, sometimes a defective product (which does not 
allow programming) might be delivered. 
Generally, the programming efficiency percentage is 
90~95% when programming is performed on the 
user's side. Special tests such as actually performing 
programming on the dummy cell in the chip, 
performing continuity test of all memory cells, etc., 
are made prior to delivery for minimizing the 
possiblity to deliver defective products. 
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2.4 Programming 

There are two methods in the programming of 
PROM. That is, the method when programming is 
made by PROM manufacturer and delivered and the 
method when programming is made on the user's 
side. Both these methods and procedures will be 
explained below. 

2.4.1 Programming performed by the PROM manu- 
facturer 

As shown in the drawing below, the manufacturer 
receives the program specification (specification 
designating the program pattern) from the user, 
performs writing (Programming) in accordance with 
the specification and performs delivery. In this case, 
a special writing fee is charged. 



Submittance of 







PROM 
Manufacturer 


User 






Delivery Upon 
Programming 




(Hitachi) 



2.4.2 Programming performed by user 

In this case, the following three items must be 
prepared by the user. 



(Main unit of programming 



1 PROM WRITER 

equipment) 

One capable of being used in common with 
equivalent products of other companies. 

2 Performance board (Exclusive board designated 
by each manufacturer) 

Minimum of 1 board for Hitachi PROM. 

3 Sockets (sockets suited to product) 

Minimum of one socket per product. These 
sockets are purchased from the PROM WRITER 
manufacturer. 
The relationship among PROM WRITER manufac- 
turer, Hitachi and user is shown in Fig. 12. 



User 



PROM Purchased 



Development Demand 
of Hitachi Exclusive 
Performance Board 



Purchase of PROM 
WRITER, 

Performance Board 
Hitachi Certified 
Item) and Socket 
(Hitachi 
Certified Item). 



Hitachi 




PROM 
WRITER 
Manufacturer 


Manufacture of Board 
and Socket 


Manufactcrer's 
Certification 





Fig. 12 Relationship among Hitachi, User and PROM 
WRITER manufacturer 



As indicated above, the user purchases the perform- 
ance board and sockets exclusively for Hitachi 
products together with purchasing the PROM 
WRITER. 

2.5 Programming Device 

There are about ten programming device manufac- 
turers. However, this does not mean that any 
manufacturer's device will suffice. The reasons are 
as follows. 

• It costs several hundreds of thousands or several 
million yen to have a programming device manu- 
facturer develop a dedicated board for Hitachi 
and to qualify it. 

• The suitability of the programming device affects 
the programming efficiency. Therefore, it should 
be a device of a reliable manufacturer. 

• The servicing setup for handling troubles should 
be consolidated. The setup should be one that 
judgement can be accurately made on whether it 
is a writing device trouble or PROM trouble. 

Hitachi has prepared a list of recommended manu- 
facturers which meet the above requirements. Please 
contact our sales engineering staff for information 
in this regard. 
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The writing of the custom program code into the 
mask ROM is performed by the CAD system using a 
large-sized computer. You should submit the data of 
the ROM code in conformity with the specification 
explained below by either paper tape, EPROM or 
magnetic tape. In addition, enter your instructions 
such as the chip select, customer part number, etc., 
in the "ROM Specification Identification Sheet" 
and attach it to the ROM code data. 
1. Overall Specification 

Since the submitted paper tape, card or magnetic 



tape is fed into the large-size computer as it is, 
observe the following specifications. 

1.1 Specification of Paper Tape 

1.1.1 Any color paper tape may be used as long as 
it is a marketed 1 inch wide paper tape for 
computers. However, a black color paper tape is 
recommended. 

1.1.2 Take more than 600 frames for the leader and 
trailer. 




'(More Than 600 Frames) 

1.1.3 Parity mode 

The presence and type of parity are clearly de- 
scribed in the "ROM Specification Identification 
Sheet". 

There are following modes in the parity system. 

(1) With parity 

Even parity EVEN 

Odd parity ODD 

(2) Without parity 

1.1.4 Use the 8 unit ASC1 1 code as the code. 

1.2 Specification of Magnetic Tape 

1.2.1 Use the following type of magnetic tape 
which can be netered in a magnetic tape device 
which is compatible with the IBM magnetic tape 
device. 

(1 ) Length 2,400 feet, 1 ,200 feet or 600 ffet 

Width 1/2 inch 

Channel 9 channels 

Bit density 800 BPI or 1.600BPI (Clear- 

ly state which it is in the 
"ROM Specification Inden- 
tification Sheet".) 

1 .2.2 Use the EBCDIC code as the use code. 

1.2.3 Make the format of the magnetic tape as de- 
scribed below. 

(1) No leading tape mark 

(2) No label 



(2) 
(3) 
(4) 



(More Tnan 600 Frames i 



(3) Record size 80 byte/1 record 

(4) Block size 10 records/1 block 

(5) The end of the file should be indicated by 2 
successive tape marks (TM). 

1.2.4 Ensure that the magnetic tape becomes of 1 
roll for each chip. Since extending the single-chip 
portion over several rools is impermissible, submit 
by compiling into the single-chip portion for each 
roll. 

2. Data Mode 

2.1 HMCS6800 Load Module Mode 

This mode is the object mode output from the 
assembler of HMCS6800. 

2.1.1 Divide the 8 bit code into the upper and 
lower 4 bit codes and convert each into hexadecimal 
notation. 

(Example) The code of 1100 0110 becomes as 
follows under binary notation. 



(Upper 4 bits) 
D, D„ D 5 D 4 
110 



(Lower 4 bits) 
D 3 D, D, D„ 
110 



Bit weight 
(ROM output 
equivalence) 



2.1.2 The composition of the load module mode is 
shown below by taking the case of paper tape as the 
example. The numbers written in the tape are ASCII 
code hexadecimal numbers of the data. 
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■ 



Lwdert NULLS) 

ICR) 
'LF) 

(NULL) -4 

S = Heid of Record 

CC= Type o( Record 

Byte Cowit 



Dua 

Dm 



(Note) The check sum is a technique which disregards the complement 

2.1.3 The actual load module mode becomes as 
shown below. 



dent on o 



one of each bit sum of the 8 bits. 



Frame 

1 



Header 
record 



Record Sun 
Record Type 



Byte Count 



7 Addr.» Site 
8 



Date 



Data 



3 1 
< 2 



IB ( Check Sum ) 



SO indicates the head of the file and S9 indicates the 
end of the file. The actual data enters following S1 . 
It means that the data starts from the address 
(hexadecimal) indicated in the address size. The 
address of the address size of the data recorder is 
compared with the next data recorder address by 

Example 



CC = 31 


CC = 39 


Data 

record 




End o( 
lile rec 


ord 


5 3 


S 


S 3 


s 


3 1 


1 


3 9 


9 


3 1 
3 6 


1 6 


3 
3 3 


3 


3 1 




3 




3 1 
3 


1100 


3 
3 


0000 


3 




3 




3 9 
3 8 


9 8 


4 6 
< 3 


FC 



3 
3 3 


2 














1 1 

3 8 


AS (Check Sum) 





counting in increments of 1 byte of the data and 
checking whether it is sequential or not. In places 
where the address is skipped, the data of 00 or FF 
enters hexadecimally. The printed example of the 
paper tape of the HMCS6800 load module mode is 
as shoWrt below. 





Header Record --S00B000058204558414D504CB5 

Data Record -S113F0007EF5587EF7897EFAA77EF9C07EF9C47E24 

Data Record -S112F010FA657EFA8B7EFAA0 7EF9DC7EFA247E06 
End of 

File Record -»S 9030000 FC 
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2.1.4 The ROM code data are capable of handling 
the following 4 types of cases. A header recorder is 
required in front of the data recorder and an end of 
file recorder at the back of the data recorder. 

(1) Case when the data reaches full capacity of 
ROM 

The ROM recorder for 1 chip enters into the data 
recorder. Since the address of the address size of the 
data recorder counts the data and 
checks whether or not it is in 
a sequential address, it becomes 
necessary that the address not be 
skipped. The ROM head address 
column of the "ROM Specific- 
ation Identification Sheet" beco- 
mes 0. 

(2) Case when data is input from en route of ROM 

In this case, perform entry by 
decimal notation in the ROM 
head address column of the 
"ROM Specification Identifica- 
tion Sheet" on which ROM 
address you wish to input the 
data. The data 00 or FF will 
enter into the blank address by 
hexadecimal notation. 



/ y 



ROM 



Blank 

(00 or FF) 



/////////. 



Bl»nk 

(00 or FF) 



O.i. I/, 



ROM 



(3) Case when data is input by skipping inter- 
mediate address 

The address of the address size 
of the data recorder is counted 
in increments of 1 byte of the 
data, compared with the next 
address of the data recorder and 
checked whether or not it is 
sequential. The data 00 automat- 
ically enters by hexadecimal 
notation into the ROM code of 
the skipped address. Therefore, 
the writing of data as in the 
following drawing is also possi- 
ble. In this case, perform entry 
into the "ROM Specification 
Identification Sheet" that the 
ROM head address enters from 
address for data I and from 
which address it enters for data 
II. 

(4) Case when the data is less than the full capacity 
of ROM 

In case the data volume is less 
than the total byte capacity of 
ROM LSI when the end of file 
recorder appears, it becomes 
written as the ROM code as 
shown in the following drawing. 
(Example) Indicates the example of the paper tape 
when the data recorder is S1141920B6- 
FC ... 





oooooooooooo 



OOO OO O 
O O OOOOO O O 

O OO OOOOOO 

ooooooooooooooooooooooooooooooooooooooooooo/ 

o 

OOOOOOOO O OOOOO 

OOOOOOO O OOOOO 
O O OOO 

OOOO O OOOOO O 



1 2 
9 



F F 

C 



2.2 BNPF Mode 

2.2.1 One word is symbolized by the word start 
mark B, the bit content represented by 8 characters 
of P and N, and the BNPF slice composed of 
successive 10 characters of the work end mark F. 

2.2.2 The contents from F of one BNPF slice up to 
B of the next BNPF slice are ignored. 

(Example) The code of OF by hexadecimal nota- 
tion is symbolized as shown below (in 
case of paper tape) 

2.2.3 It is necessary to designate the bit pattern 
(BNPF slice) on all ROM addresses. Therefore, the 
term of the ROM head address of "ROM Specifica- 



tion Identification Sheet" always becomes 0. 

B Indicates start of 1 word. 

N Indicates "0" of 1 bit data. 

P Indicates "1" of 1 bit data. 

F Indicates end or 1 word. 
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ooooo o 
oooo o 

^boooooooooooooooooooooooooooooooo< 
OOOO 

oooo 




oooooooooo 
o 



NNNN PPPPF 
Dr Di Ds D* Di Dt Di Do 



Note 1 ) Sometimes X is used besides P and N in the 
display of the word content by the BNPF 
slice. 

X means that the user is not concerned 
whether the bit is P or N. However, since it 
is necessary to decide the P or N for 
performing tests, Hitachi performs selec- 
tion of P or N. The results are informed by 
making entry in the identification table. 

Note 2) The contents of the BNPF slice are not 
only those with the continuation of PN 
and the form of B*nF can also be used. 
This means that the content of the slice 
existing just prior to this word will be 
repeated for n words from this word. 
For example, when B*4F exists at the 10th 
word, it means that the content of the 9th 
word will be repeated in the 10th, 11th, 
12th and 13th words. (However, it does 
not necessarily follow that the X content 
of Note 1 above will be repeated.) n shall 
start from 1 and be a number below the 
total addresses of ROM. 

Note 3) When a certain block is not used (when an 
unused ROM address exists), disposition 
can be made by utilizing Notes 1 and 2. 



Mask ROM Development Flowchart 
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| ROM Codt 

T 



Select Either 
of the three 



Ptrt Number- 
CKip Select 
aid Other 





Supply 




I Milk Prepiriuon 







Investion 
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HITACHI 



SHEETS 



MOS STATIC RAM 



HITACHI 
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HM4334-3, HM4334-4 
HM4334P-3, HM4334P-4 



1024-word x 4-bit Static CMOS RAM 

■FEATURES 

• Single 5V Supply 

• Low Power Standby and Standby: 10/iW (typ.) 
Low Power Operation; Operation: 20mW (typ.) 

• Access Time; HM4334/P-3:. 300 ns (max.) (5V±5%) 

HM4334/P-4: 450 ns (max.) (5V±10%) 

• Directly TTL Compatible: All inputs and outputs 

• Common Data Input and Output using Three-state Outputs 

• On Chip Address Register 



IBLOCK DIAGRAM 



Ai< 
.A»< 

All 

Am 
As. 
I/O 

1 

2 

3 

4 









Latched 




Row 


Address 




Decoder 


Register 













WEo 



Memory 

Matrix 

64X64 



Clock 




Clock 


Gen. 




Gen. 



Ao Ai Ai A3 




oVrr 
°C\D 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage On Any Pin* 


V T 


-0.3 to Vcc +0.5 


V 


Power Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature 




to +70 


•c 


Storage Temperature (Plastic) 


T.„ 


-55 to +125 


•c 


Storage Temperature (Cerdip) 


T... 


-65 to +150 


*c 



» with respect to GND 



HM4334-3. HM4334-4 




(DG-18) 



HM4334P-3. HM4334P-4 



(DP-181 



■PIN ARRANGEMENT 



At(T 




To] Vcc 


As\T_ 




77] a? 


A, [7 




< 


A 3 \T 




TTJas 


Ao(T 




TTJi/Oi 


*c 










TFJi/Oj 


ce(T 




77] i/o. 


gnd[J_ 




77J we 



(Top View) 



HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 



IRECOMMENDED DC OPERATING CONDITIONS (To-0 to +70"C) 



Item 


Symbol 


HM4334/P-3 


HM4334/P-4 


Unit 


min 


typ 


max 


min 


typ 


max 


Supply Voltage 


Vcc 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


GND 






















V 


Input Voltage 


V,„ 


2.4 




Vcc + 0.5 


2.4 




Vcc+0.5 


V 


Vn 


-0.3 




0.8 


-0.3 




0.8 


V 



IDC AND OPERATING CHARACTERISTICS 

(7a = to +7<TC, GND=0V, HM4334/P-3 : Vcc-5V±5%, HM4334/P-4 : V C c = 5V±10%) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


In 


V,„-0 to Vcc 


-1.0 




41.0 


M 


Output Leakage Current 


Ilo 


CE- V,„, K.,-0 to Vcc 


-1.0 




+ 1.0 


M 


Operating Power Supply Current 


/cci 


CE-OV, V,»-Vcc, I,,o-0 






1.0 


mA 


Icct 


CE-0.8V. V,»-2.4V, /,, o -0 




2.5 


5.0 


mA 


Average Operating Current 


lea 


V,„-0 or Vcc. /-1MHz, duty 50%, I,o-0 




4 


7 


mA 


Standby Power Supply Current 


IcCL 


CES Vcc-0.2V 




2 


100 




Output Voltage 


Vol 


/ot-2.0mA 






0.4 


V 


Voh 


Ion 1.0mA 


2.4 






V 



■CAPACITANCE (Ta-25'C, /-1MHz) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


I/O Terminal Capacitance 


ClsO 


V,.o-0V 




7 


10 


pF 


Input Capacitance 


c. 


v.-ov 




3 


5 


pF 



IAC CHARACTERISTICS 

(Ta = Q to +70°C, GND = 0V, HM4334/P-3 : Vcc-5V±5%, HM4334/P-4 : V CC = 5V±10%) 



Item 


Symbol 


HM4334/P 


■3 


HM4334/P 


-4 


Unit 


min 


typ 


max 


min 


typ 


max 


Read or Write Cycle Time' 


TELEL 


tc 


460 






640 






ns 


Chip. Enable Access Time 


TELQV 


l,c 






300 






450 


ns 


Chip Enable to Output Active 


TELQX 


lex 


50 






50 






ns 


Output 3-state from Deselection 


TEHQZ 


toFFI 






100 






100 


ns 


Write Enable Output Disable Time 


TWLQZ 


loFFl 






100 






100 


ns 


Chip Enable Pulse Width" 


TELEH 


U I 


300 






450 






ns 


Chip Enable Precharge Time 


TEHEL 


t P 


120 






150 






ns 


Address Hold Time 


TELAX 


In a 


100 






100 






ns 


Address Setup Time 


TAVEL 


tAS 


20 






20 






ns 


Read Setup Time 


TWHEL 


tus 
















ns 


Read Hold Time 


TEHWL 


tRH 
















ns 


Write Enable Setup Time 


TWLEL 


tws 


-20 






-20 






ns 


WE to CE Precharge Lead Time 


TWLEH 


tWFL 


300 






450 






ns 


Chip Enable to Write Enable Delay Time 


TELWL 


ICWD 


300 






450 






ns 


Write Enable Hold Time 


TEHWH 


Iewh 
















ns 


Write Hold Time 


TELWH 


IWH 


300 






450 






ns 


Data Input Setup Time 


TDVWH 
TDVEH 


t OS 


200 






350 






ns 


Data Hold Time 


TWHDX 
TEHDX 


ton 
















ns 


Write Data Delay Time 


TWLDV 


twos 


100 






100 






ns 


Chip Enable Rise/Fall Time 


TT 

1 


lr 






300 






300 


ns 



* TELEl.ltr)-TELEH(lc<)+TEHEL(t,) + l 
** For Rod Modify Write Cycle, TELEHIl, 



:i c .»)+TWLEH(i.,i) + i,<20i») 
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 



■AC TEST CONDITIONS 

Input Level 2.4V, 0.8V 

Input Rise and Fall Time 20ns 

Timing Measurement Level 2.4V. 0.8V 

Reference Level V 0H - 2.0V, V Q L = 0.8V 

Output Load 1 TTL and C[_ ■ 100 pF 



•READ CYCLE 



TAVEL 
(lis) 



TWHEL 
(»s) 



X 



TELEH(Ict) 



TELQX(lci) 



m. 



v 



VALID DATA OUTPUT 



TEHQZ(lom) 

H1CH-Z 



• WRITE CYCLE 



Note) *; TEHQZ (toFFi ) defines the time at which the outputs 
achieve the open circuit condition and is not referenced to 
output voltage levels. 



xx xxx x xxxxxxx x x : 



TAVEL 
ti.ll 



T .-.IEH. (.-t 



< 



TDVWH 
TDVEH(tw) 



nunn 



VALID DATA INPUT 



Note) t D $ and t DH are measured from the earlier of CEor WE going high. 
• READ MODIFY WRITE CYCLE 



\ 



\ 



HIGH-Z 



m 



TWLDV((*m) 



TDVEH 

((») 



TEHWHdew*) 

7777 /7 



TEHDXOm) 

P H1GH ^ Z 



J- 
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*; TWLQZ (tq FF? ) defines the time at which the outputs achieve 
the open circuit condition and is not referenced to output 
voltage levels. 



HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 

• CURRENT WAVEFORM 




[NOTE] Vcc * 5.0V. T„ = 25°C 

■ LOW Vcc DATA RETENTION CHARACTERISTICS (7a-0 to + 70°C) 



Item 


Symbol 




Test Condition 


min 


typ 


max 


Unit 


Vcc for Data Retention 


Vo« 


CE2Vcc-0.2V 


2.0 






V 


Data Retention Power Supply Current 


ICCDR 


V o »-3.0V 




0.5 


50 


M A 


Chip Deselection to Data Retention Time 


tcDIt 











ns 


Operation Recovery Time 


t. 




l«c« 






ns 



* l„r-Re.d Cycle Time 

• LOW Vcc DATA RETENTION TIMING 



DATA RETENTION MODE 




SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 




HITACHI 
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 




4* 5.0 6.0 

Supply VolUM Vcc (VI 



20 4 60 80 100 

Ambient Temper.lure 7i CO 



AVERAGE SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



j 8 
I 

.3 6 





ra»25'C 







































































4.0 5.0 6.0 

Supply Volt t8 « Vcc (V) 

I 



AVERAGE SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



ol — 

-20 



20 40 60 80 100 

Ambient Temperature Ta CO 




HM4334P-3L, HM4-334P- 

1024-word x 4-bit Static CMOS RAM 



■FEATURES 

• Single 5V Supply 

• Low Power Standby and 
Low Power Operation; 

• Fast Access Time; HM4334P-3L 

HM4334P-4L 

• Directly TTL Compatible: All inputs and outputs 

• Common Data Input and Output using Three-state Outputs 

• On Chip Address Register 



Standby: 10mW (typ.) 
Operation: 20mW (typ.) 
300 ns (max.) (5V±5%) 
450 ns (max.) (5V±10%) 



IBLOCK DIAGRAM 
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Memory 


A:o 
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/ 




Matrix 




Register 










64X64 


Aid 

















I/O 

Control 










Clock 




Gen. 



IT 



oVcc 
°GND 



IPIN ARRANGEMENT 



i Decoder 



Latched 
Address 
Register 



TTTT 

Ao Ai Ai A3 



CE 



■ABSOLUTE MAXIMUM RATINGS 



A.(T 






Ai[T 




77) A; 


A. |T 




Ti~| a« 


As[T 




Ti] a 9 


Ao(T 




77) i/o, 


A,[T 




TTJi/0! 






JJ]l/03 


cl[T 




TTJi/o, 


GNd[~9~ 




J_o]we: 



Item 


Symbol 


Rating 


Unit 


Voltage On Any Pin' 


Vr 


-0.3 to Vcc+0.5 


V 


Power Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


Power Dissipation 


Pr 


1.0 


W 


Operating Temperature 


T„. 


to +70 


"C 


Storage Temperature 


T.„ 


-55 to +125 


•c 


* with respect to CND 









(Top View) 



DC OPERATING CONDITIONS (Ta-0 to +70'C) 



Item 


Symbol 


HM4334P-3L 


HM4334P-4L 


Unit 


min 


typ 


max 


min 


typ 


max 


Supply Voltage 


V'rc 


4.75 


5.0 


5.25 


4.5 


5.0 


5.5 


V 


GND 




















V 


Input Voltage 


V, H 


2.4 




Vcc + 0.5 


2.4 




r... -0.5 


V 


V,L 


-0.3 




0.8 


-0.3 




0.8 


V 
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HM4334P-3L, HM4334P-4L ■ — 

■DC AND OPERATING CHARACTERISTICS 

{Ta-0 to +70°C, GND-OV, HM4334P-3L : V CC -5V±5%,. HM4334P-4L : Vcc-5V±10%) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


h, 


V,»-0 tO VcC 


-1.0 


- 


+ 1.0 


M 


Output Leakage Current 


ho 


CE-K,», K.,-0 to Vcc 


-1.0 


- 


+ 1.0 


jiA 


Operating Power Supply Current 


Icci 








1 .0 


mA 


lea 


CE-0.8V, V,„-2.4V, Iuo-a 




2.5 


5.0 


mA 


Average Operating Current 


Iccz 


V,»-0 or Vcc, /-1MHz, duty 50%, /Vo-0 




4 


7 


mA 


Standby Power Supply Current 


IcCL 


CE2Vcc-0.2V 




2 


20 


Ilk 


Output Voltage 


Vol 


/oi-2.0mA 






0.4 


V 


Vo„ 


Ion 1.0mA 


2.4 


1 


_ 

1 


V 

















■CAPACITANCE (r a =25°C, /-1MHz 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


I/O Terminal Capacitance 


Ciso 


V, . -OV 




7 


10 


1 = 

pF 


Input Capacitance 


c. 


K.-0V 


— 


3 


5 


pF 



■AC CHARACTERISTICS 

(Ta-0 to +70"C, GND = 0V, HM4334P-3L : V CC -5V±5%, HM4334P-4L : Vcc-5V + 10%) 



Item 


Symbol 


HM4334P-3L 


HM4334P-4L 


Unit 


min 


typ 


max 


min 


typ 


max 


Read or Write Cycle Time* 


TELEL 


ic 


460 






640 






ns 


Chip Enable Access Time 


TELQV 


Iac 






300 






450 


ns 


Chip Enable to Output Active 


TELQX 


tcx 


50 






50 






ns 


Output 3-state from Deselection 


TEHQZ 


toFFl 






100 






100 


ns 


Write Enable Output Disable Time 


TWLQZ 


loFFt 






100 






100 


ns 


Chip Enable Pulse Width- 


TELEH 


tec 


300 






450 






ns 


Chip Enable Precharge Time 


TEHEL 


ip 


120 






150 






ns 


Address Hold Time 


TELAX 


t AH 


100 






100 






ns 


Address Setup Time 


TAVEL 


tAS 


20 






20 






ns 


Read Setup Time 


TWHEL 


t,s 
















ns 


Read Hold Time 


TEHWL 


















ns 


Write Enable Setup Time 


TWLEL 


tws 


-20 






-20 






ns 


WE to CE Precharge Lead Time 


TWLEH 


twpL 


300 






450 






ns 


Chip Enable to Write Enable Delay Time 


TELWL 


tcWD 


300 






450 






ns 


Write Enable Hold Time 


TEHWH 


tEWH 


















Write Hold Time 


TELWH 


twH 


300 






450 






ns 


Data Input Setup Time 


TDVWH 
TDVEH 


tos 


200 






350 






ns 


Data Hold Time 


TWHDX 
TEHDX 


ton 
















ns 


Write Data Delay Time 


TWLDV 


twos 


100 






100 






ns 


Chip Enable Rise/Fall Time 


TT 


It 






300 






300 


ns 



« TELEL(lc)-TELEH(lc«) + TEHEL(l,) + !.(20ns) + ! ; (20ns) 
** For Rod Modify Write Cycle. TELEH (lei) -TELWL(lc.») + TWLEH (Let) + t/20n») 
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HM4334P-3L, HM4334P-4L 



■AC TEST CONDITIONS 

Input Level 2.4V, 0.8V 

Input Rise and Fall Time 20ns 

Timing Measurement Level 2.4V, 0.8V 

Reference Level V H = 2.0V, Vql 1 °-8V 

Output Load 1 TTL and C L = lOOpF 



• READ CYCLE 



TAVEL 



CE 



ft 



TWHEL 
(iml 



\ 



TELELUc) 



v 



TEHQZOoFni* 1 



VALID DATA OUTPUT 



• WRITE CYCLE 



NOTE) *: Tehqz (f OFF i ) defines the time at which the outputs achieve the 
open circuit condition and is not referenced to outputs voltage level. 



XXX 



[ VALID ADD. 




TELAX(f«) 


TELKLl «■ I 



Ttiwm».i 



.' 7777777 



VALID DATA INPUT 



y 



NOTE) t DS and frj// are measured from the earlier of CE or WE going 
high. 

• READ MODIFY WRITE CYCLE 



UJ 



\ 



^XX )' ° ATA ° UT ^ ~p^ INPUT DATA 



EHWH(lrwir) 



TEHDX ( ton ) 

HICH-Z 



NOTE) *: TwLQZ (*OFFt) defines the time at which the outputs achieve the 
open circuit condition and is not referenced to output voltage levels. 
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•CURRENT WAVEFORM 

CE 



/cc(mA) 20 




[NOTE] V C C - 5.0V. T, - 26° C 

ILOW V« DATA RETENTION CHARACTERISTICS (7a=0 to +70 - C) 





Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc for Data Retention 


V Dlt 


CESVcc-0.2V 


2.0 






V 


Data Retention Power Supply Current 


IcCDR 


V D ,-3.0V 




O.S 


10 


M 


Chip Deselection to Data Retention Time 


tCDK 













Operation Recovery Time 


(> 




i«c* 






ns 



* (*c~Re«d Cycle Time 

• LOW Vcc DATA RETENTION TIMING 




DATA RETENTION MODE 



CESVcc-O^V 




SUPPLY CURRENT (Standby) 
vs. SUPPLY VOLTAGE 



1 

2 i.o 











•» = 25-C 









































3.0 5.0 6.0 

Supply Voh.ge Vcc (V) 



SUPPLY CURRENT (Standby) 
vs. AMBIENT TEMPERATURE 



| 

* 1.0 





fcc-5V 















































20 40 60 80 

Ambient Temperature Ta CC) 
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HM4334P-3L, HM4334P-4L 



ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME 

vs. AMBIENT TEMPERATURE 




4.0 5.0 6.0 -20 20 40 60 80 ]O0 

Supply Volt.je Vcc (V) Ambient Tempe r. lu re Ta CC) 



AVERAGE SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



<3 6 



2 









r« = 25 - C 







































































4.0 "5.0 6J) 

Supply Voll.p Vcc (V) 



AVERAGE SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



12 



8 



2 

















Vcc = SV 



























































-20 20 40 60 80 100 



Ambient Temperature Ta CC) 



INPUT VOLTAGE INPUT VOLTAGE 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 
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HM6148, HM6148-6 
HM6148P, HM6148P-6 

1024-word x 4-bit High Speed CMOS RAM 



IFEATURES 

• Single 5V Supply 

• Fast Access Time HM6148/P 70 ns (max.) 

HM6148/P-6 85 ns (max.) 

• Low Power Standby and Standby: 100/iW (typ) 
Low Power Operation; Operation: 200mW (typ) 

• Completely Static RAM; No Clock or Timing Strobe Required 

• No Peak Power-On Current 

• No Change of t AC s with Short Deselected Time 

• Equal Access and Cycle Times 

• Directly TTL Compatible; All Inputs and Outputs 

• Three State Output 

• Common Data Input and Output 

• Pin-Out Compatible with Intel 2148 



IBLOCK DIAGRAM 

« 




HM6148, HM6148-6 




HM6148P. HM6148P-6 



IPIN ARRANGEMENT 



WEO- 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Terminal Voltage* 


Vr 


-0.5'to +7.0 


V 


Power Dissipation 


Pr 


1.0 


W 


Operating Temperature 


T.„ 


to +70 


•c 


Storage Temperature (Plastic: 


T.„ 


-55 to +125 


"C 


Storage Temperature (Cerdip ! 


T„. 


-65 to +150 


•c 


Storage Temperature"* 


7\r»(t...> 


-10 to +85 





A(f T 




7T] VtT 


As [T 




T7] A7 


A , pr 




~ir\ a. 


AiQ" 




"i7] A» 


A. [7 




17| I/O: 


Ai[T 




~uj 1/0, 


Al |T 




jTJl/Oj 






n| 1/0, 


gnd[T 




"io]"wiT 



(Top View) 



* with respect to GND. 
** Under Bias 

■TRUTH TABLE 



^ -1.0V (Pulse Width S 50ns) 



cs 


WE 


Mode 


Vcc Current 


I/O Pin 


Refe 


rence Cycle 


H 


X 


Not Selected 


/ss, /ssi 


High Z 




L 


H 


Read 


/ 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


Din 


Write Cycle 



62 



HITACHI 



HM6148, HM6148-6, HM6148P, HM6148P-6 



IRECOMMENDED DC OPERATING CONDITIONS (7V.-0 to + 70'C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V„ 


2.4 


3.5 


6.0 


V 


V u 


-0.3* 




0.8 


V 



* V, L min--1.0V(Pulse w idth S 50ns ) 

■DC AND OPERATING CHARACTERISTICS (V CC -5V±\0%, GND=0V, 7a-0 to +70°c; 





Item 


Symbol 


. 

Test Condition 


min 


typ- 


max 


Unit 


Input Leakage Current 


\lu\ 


Vcc-5.5V, V..-GND to Vcc 






2.0 


M 


Output Leakage Current 


\ho\ 


CS-V,„, V.^-GND to Vcc 






2.0 


M 


Operating Power Supply Current 


Ice 


CS-W, /,, o -0mA 




35 


80 


mA 


Ico 


CS- Vu, Minimum Cycle. Duty-100%, 7;,o-0niA 




40 


80 


mA 


Average Operating Current 


/CC2** 


Cycle = 150ns, Duty-50%, /„o-0mA 




35 




mA 


Standby Power Supply Current 


ISB 


cs- v, H 




5 


12 


mA 


/ssi 


CS2Vcc-0.2V, K.S0.2V or V,.iV cc -0.2\ 




20 


800 


M 


Output Voltage 


Vol 


Iol -8mA 






0.4 


V 


Vo„ 


Uh 3.2mA 


2.4 






V 



Notes) * Typical limits are at Vcc-5.0V. Ta-25*C 
** "Reference only. 



and specified loading. 



ICAPACITANCE (ra-25 - C, /-1MHz) 



Item 


Symbol 


Test Condition 


min 


max 


Unit 


Input Capacitance 


c. 


K.-0V 




5 


pF 


Input/Output Capacitance 


Ct,o 


v,,o-ov 




12 


pF 



Note I This parameter is sampled and not 100% tested. 

■AC CHARACTERISTICS (Vcc = 5V±10%, Ta-0 to +70'C, unless otherwise noted) 
• AC TEST CONDITIONS 

Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times 10ns 

Input and Output Timing Reference Levels 1.5V 

Output Load See Figure 1 

Load Circuit (A) v« Load Circuit (B) 

X 



* includes probe and 
jig capacitance 



:= 30»F* 



Fig. 1 



IREAD CYCLE 



Parameter 


Symbol 


HM6148/P 


HM6148/P-6 


Unit 


min 


max 


min 


max 


Read Cycle Time 


l«c 


70 




85 




ns 


Address Access Time 


lai 




70 




85 


ns 


Chip Select Access Time 


tACS 




70 




85 


ns 


Output Hold from Address Change 


ton 


5 




5 




ns 


Chip Selection to Output in Low Z* 


tLZ 


10 




10 




ns 


Chip Deselection to Output in High Z* 


I HZ 





40 





40 


ns 


Chip Selection to Power Up Time 


tpu 












ns 


Chip Deselection to Power Down Time 


fro 




40 




40 


ns 



* Transition is measured ±50QmV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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HM6148, HM6148-6, HM6148P, HM6148P-6 

• TIMING WAVEFORM OF READ CYCLE N0.1'" 12 ' 



ZX 



previous 
daia v»lid 



X 



Data valid' 



• TIMING WAVEFORM OF READ CYCLE NO.2 1 







f 



High impedance 



Vcc aoppl, Ice 
Current he 



y 




NOTES) 1 . "WE" is high for Read Cycle. 

2. Device is continuously selected, ~CS= Vn_ 

3. Address Valid prior to or coincident with €3" transition low. 



■WRITE CYCLE 



Parameter 


Symbol 


HM6148/P 


HM6148/P-6 


Unit 


min 


max 


min 


max 


Write Cycle Time 


twe 


70 




85 




ns 


Chip Selection to End of Write 


tew 


50 




60 




ns 


Address Valid to End of Write 


Iaw 


65 




80 




ns 


Address Setup Time 


Its 


15 




15 




ns 


Write Pulse Width- 


twpi 


50 




60 




ns 


twn 


65 




80 




ns 


Write Recovery Time 


tw. 


5 




5 




ns 


Data Valid to End of Write 


fow 


30 




35 




ns 


Data Hold Time 


tDH 


5 




5 




ns 


Write Enabled to Output in High Z— 


twz 





35 





45 


ns 


Output Active from End of Write" 


tow 












ns 



Notes) * When the CS low transition occur, simultaneously with the WE low transition or after the WE transition. I/O pins 
state. In this case Ian, in the other case l»pi ( -lwz + tow). 
** Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 100% 
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HM6148, HM6148-6, HM6148P, HM6148P-6 



• TIMING WAVEFORM OF WRITE CYCLE N0.1(WE CONTROLLED) 1 



WE 



ZD 


a*c 

/ 

■ lew — 


> 


< 






'///// 


V// 






j. »* w - 








<dT 






1 


It) 


— to»— J [«] 

M 


—low— 



• TIMING WAVEFORM OF WRITE CYCLE NO,2(CS CONTROLLED)"' 



ZD 


< > 




— MI - 












^ > 

— Mfi-ftl — 






wwwv 




'////, 


'///, 










xxxxxxvxxxxx 


XXXX) 


<xxx 


(M High Impedtncc 







Notes) 

1. CS and WE are paced in the WRITE state during low level period 

U W ). _ 

2. A write occurs during the overlap of a lo w CS and a low WE. tfwp) 

3. t wr is measured from the earlier of CS or WE going high to the end 
of write cycle. 

4. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

5. If the CS" low transition occurs simultaneously with the WE low 
transition or after the WE transition, the output buffers remain in a 
high impedance state. 

6. If CTTis low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 

7. Dout is the same phase of write data of this write cycle. 
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HM8148, HM6148-6, HM6148P, HM6148P-6 
ACCESS TIME vs. Vcc 



ACCESS TIME vs. Ta 





SUPPLY CURRENT vs. Ta SUPPLY CURRENT vs. Ta 
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HM6148LP, HM614-8LP-6 



1024-word x 4-bit High Speed Static CMOS RAM 



■FEATURES 

• Single 5V Supply 

• Fast Access Time 



. HM6148LP 70 ns (max.) 
HM6148LP-6 85 ns (max.) 
Low Power Standby and Low Power Operation; 

Standby: 5juW(typ) Operation: 200mW (typ) 
Completely Static RAM; No Clock or Timing Strobe Required 
No Peak Power-On Current 
No Change of t ACS with Short Deselected Time 
Equal Access and Cycle Times 
Directly TTL Compatible; All Inputs and Outputs 
Three State Output 
Common Data Input and Output 
Capability of Battery Back Up Operation 
Pin-Out Compatible with Intel 2148 



■BLOCK DIAGRAM 





IPIN ARRANGEMENT 







77] Vcc 


As[T 




77] A7 


A.(T 




~16~| A. 


Aa[~T 




A. 






77] i/o, 






TTji/oi 


A2[T 




77] i/oi 


csjT 




"77|i/o. 


GNpfT 




To] WE 



(Top View) 



WK O- 

—to 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Terminal Voltage* 


V T 


-0.5*to +7.0 


V 


Power Dissipation 


Pr 


1.0 


W 


Operating Temperature 


r,„ 


to +70 


"C 


Storage Temperature 


7*.,, 


-55 to +125 


t 


Storage Temperature** 




-10 to +85 


■c 



* with respect to GND. ^ -1.0V (Pulse Width ^ 50ns) 
** Under Bins 
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HM6148LP, HM6148LP-6 



ITRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


I/O Pin 


Reference Cycle 


H 


X 


Not Selected 


Is a. I ssi 


High Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


Din 


Write Cycle 



• RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70'C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V,» 


2.4 


3.5 


6.0 


V 


V u 


-0.3" 




0.8 


V 



* V, L mir.--l.0V (Puis* »idthS50r,s) 



■DC AND OPERATING CHARACTERISTICS (V CC = 5V±10%, GND = 0V, Ta = to +70°C 



Item 


Symbol 


Test Condition 


min 


typ' 


max 


Unit 


Input Leakage Current 


i u, i 


Vcc -5.5V. V..-GND to Vcc 






2.0 


M 


Output Leakage Current 


I hv 


CS- V,„, Wo-GND to Vcc 






2.0 


M 


Operating Power Supply Current 


Ice 


CS-V, L , ;,, o -0mA 




35 


80 


mA 


Average Operating Current 


Ice, 


CS-V,i, Minimum Cycle. Duty-100%, /,« = 0mA 




40 


80 


mA 




Cycle-150ns, Duty-50%, /,,o-0mA 




35 




mA 


Standby Power Supply Current 


I SB 


CS-V,» 




5 


12 


mA 


/ssi 


CS2Vcc-0.2V. V..S0. 2V or V.SVcc-O.VJ 




1 


100 


M 


Output Voltage 


Vol 


Iol °*&mA. 






0.4 


V 


Voh 


I oh 3.2mA 


2.4 






V 



Notts! * Typical limits are at Vcc -5.0V. r«i-2S*C and specified 
** Reference only. 



ICAPACITANCE (T a -25C. /-1MHz) 



Item 


Symbol 


Test Condition 


min 


max 


Unit 


Input Capacitance 


C. 


V..-0V 




5 


pF 


Input/Output Capacitance 


Ci-o 


V„„-0V 




12 


pF 



Not*) This parameter is 



r,ot 100% tested. 



■AC CHARACTERISTICS (Vrc = 5V±10%, Ta-0 to +70°C, unless otherwise noted) 
• AC TEST CONDITIONS 

Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times 10ns 

Input and Output Timing Reference Levels 1.5V 

Output Load See Figure 



Load Circuit (A) 



Load Circuit (B) 



1= 30pF" 



330D> -p SpF 



* includes probe and 
TTJ jig capacitance 



HITACHI 69 



HM6148LP, HM6148LP-6 
•READ CYCLE 



Parameter 


Symbol 


HM6148LP 


HM6148LP-6 


Unit 


min 


max 


min 


max 


Read Cycle Time 


Irc 


70 




85 




ns 


Address Access Time 


Ua 




70 




85 


ns 


Chip Select Access Time 


tACS 




70 




85 


ns 


Output Hold from Address Change 


t0H 


5 




5 




ns 


Chip Selection to Output in Low Z* 


tLZ 


10 




10 




ns 


Chip Deselection to Output in High Z* 


tnZ 





40 





40 


ns 


Chip Selection to Power Up Time 


tpu 












ns 


Chip Deselection to Power Down Time 


tpD 




40 




40 


ns 



* Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF READ CYCLE NO.1 1,1121 



ZX 



previous 
data valid 



)<ESX 



X 



• TIMING WAVEFORM OF READ CYCLE N0.2 1 ' 113 ' 



■ 



High impedance 



Vcc supply lcc 
current k* 



impedance 



7 



NOTES) 1 . W is high for Read Cycle. 

2. Device is continuously selected ,TS~= Vjl 

3. Address Valid prior to or coincident with CS" transition low. 



• WRITE CYCLE 



Parameter 


Symbol 


HM6148LP 


HM6148LP-6 


1 

Unit 


min 


max 


min 


max 


Write Cycle Time 


twc 


70 




85 




ns 


Chip Selection to End of Write 


lew 


50 




60 




ns 


Address Valid to End of Write 


Iaw 


65 




80 




ns 


Address Setup Time 


t.s 


15 




15 




ns 


Write Pulse Width* 


twpi 


50 




60 




ns 


twn 


65 




80 




ns 


Write Recovery Time 


Iwk 


5 




5 




ns 


Data Valid to End of Write 


tow 


30 




35 




ns 


Data Hold Time 


tDH 


5 




5 




ns 


Write Enabled to Output in High Z— 


twz 





35 





45 


ns 


Output Active from End of Write" 


low 












ns 



Notes) * When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, I/O pins remain i 
state. In this case twn, in the other case fwn ( -Iwi + tow). 
** Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 



a high impedance 



• TIMING WAVEFORM OF WRITE CYCLE N0.1(WE CONTROLLED)' 



HM6148LP, HM6148LP-6 



WE 



Doul 





~m t'C — 




\ 

. K. 




( 


sv 






V// 




tAS— J 


»,,»! . 












/ 

Tcs> — 






L« u, w _ 


((((((< 


— <xx 


- — A 


Ion 




• TIMING WAVEFORM OF WRITE CYCLE N0.2(CS CONTROLLED)' 

-Iwc- 

Udre.i 



CS 



xxxxxxxxxxx> f c [^xxxxxxx 

"' H 

Notes) 

1. CS and WE are paced in the WRITE state during low level period 

die)- _ 

2. A write occurs during the overlap of a low CS and a low WE. (t WP ) 

3. t WR is measured from the earlier of CS" or WE going high to the end 
of write cycle. 

4. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

5. If the CS" low transition occurs simultaneously with the WE low 
transition or after the WE transition, the output buffers remain in a 
high impedance state. 

6. If CS~ is low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 

7. Dout is the same phase of write data of this write cycle. 

■LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = to +70°C) 



Parameter 


Symbol 


Test Condition 


irrin 


typ 


max 


Unit 


V. . for Data Retention 


V , 


CS2Vcc-0.2V. K.2Vcc-0.2V or K.S0.2V 


2.0 






V 


Data Retention Current 


IcCDK 


Vcc-2.0V. CS21.8V. V,.-1.8Vor V..S0.2V 






40 


M 


Chip Deselect to Data Retention Time 


tcDR 


See Retention Waveform 









ns 


Operation Recovery Time 


Ik 


Ijc" 






ns 



* t.r-Re.d Cycle Time 

• LOW Vcc DATA RETENTION WAVEFORM 
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HM6148LP, HM6148LP-6 



ACCESS TIME vs. Vcc 

u 



ACCESS TIME vs. Ta 



e 1.0 









7i=25t 



























I 

j ... 

8 1.0 



I 

■ 



Vcc=5V 

































4.75 5.0 5.25 

Supply Voltefe Vcc (V) 



20 40 60 80 

Ambient Temperature Ta CO 



SUPPLY CURRENT vs. Vcc 



SUPPLY CURRENT vs. Vcc 



! 



r«=25ic 

































4.75 5.0 5.25 

Supply Volute Vcc (V) 




4.75 5.0 5.25 

Supply Volt.ge Vcc (VI 



SUPPLY CURRENT vs. Ta 



SUPPLY CURRENT vs. Ta 



S 30 









Vcc = 5V 



























20 40 60 

Ambient Temperature To CO 



£ 

1 . 



Vcc=5V 

































20 40 60 

Ambient Temperature Ta (*C) 
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HM6148LP, HM6148LP-6 
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HM6 148H-35, HM6148H-45. 
HM6148H-55, HM6148HP-35, 
HM6148HP-45, HM6148HP-SS 

Preliminary 

1024-word x 4-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast Access Time 35/45/55ns (max) 

• Low Power Standby and Low Power Operation; 
Standby: 100 /iW (typ.). Operation: 200mW (typ.) 

• Single 5V Supply 

• Completely Static RAM: No Clock or Timing Strobe Required 

• No Peak Power-On Current 

• No Change of t ACS with Short Deselected Time 

• Equal Access and Cycle Times 

• Directly TTL Compatible; All Inputs and Outputs 

• Common Data Input and Output; Three-State Outputs 

• Pin-Out Compatible with Intel 2148H 

■ BLOCK DIAGRAM 













HM6148H Series 






(DG-18) 




HM6148HP Series 


1 


(DP-18) 





I PIN ARRANGEMENT 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Ratings 


Unit 


Terminal Voltage* 


V T 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T„, 


to +70 


X 


Storage Temperature (Plastic) 


T.„ 


-55 to +125 


•c 


Storage Temperature (Ceramic ) 


T.„ 


-65 to +150 


•c 


Storage Temperature** 


r,.„ 


-10 to +85 


•c 



A.[7 




H 


As [T 




77] a, 


A<[T 




"ie] Ag 


A 3 [~T 






A.Q" 




17] i/o, 


Ai [T 




77J vo. 


a>|T 




TFJi/oj 


csjT 




"ii]i/o. 


cnd(T 




IoJwe 



* with respect to GND. 

* * under bias 

■ TRUTH TABLE 



V,l„. 3.5V (Pulse »idth-20n 5 ) 



(Top View) 



(Ts 


WE 


Mode 


Vcc Current 


I/O Pin 


Reference Cycle 


H 


X 


Not selected 


hi. Is., 


High Z 




L 


H 


Read 




Dout 


Read Cycle 1, 2 


L 


L 


Write 


Ice 


Din 


Write Cycle 1, 2 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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HM6148H-35, HM6148H-45, HM6148H-55, 

HM6148HP-35, HM6148HP-45, HM6148HP-55 



I RECOMMENDED DC OPERATING CONDITIONS (To-0 to +70 'O 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Km 


2.2 




6.0 


V 


V,i 


-0.5* 




0.8 


V 



-3.0V (Puis* width 20ns) 

IDC AND OPERATING CHARACTERISTICS^ ] ( 7a=0~70°C, Vcc = 5V±10%, GND = 0V) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Notes 


Input Leakage Current 


llul 


Vcc-max, K.— GND to Vcc 






2.0 


M 




Output Leakage Current 


\ho\ 


C5- V,„, V„o-GND to Vcc 






2.0 


M 




Operating Power Supply Current 


Ice 


CS- Vu, /;,-<, -OmA 




35 


80 


mA 




Operating Power Supply Current : AC 


/cci 


min. cycle, CS = Vsl, li,o — 0mA 




50 


100 


mA 


[2] 


Standby Power Supply Current : DC 


IsB 


cs-v,» 




5 


20 


mA 




Standby Power Supply Current(l) : DC 


/sfli 


C52 Vcc-0.2V, V,„S0.2V or 
V,»S Vcc-0.2V 




20 


800 


MA 




Output Low Voltage 


Vol 


Iol — 8mA 






0.4 


V 




Output High Voltage 


Voh 


I oh 4.0mA 


2.4 






V 





Notes) 1. Typic.l limits ire .t Vec-5-OV. r«- + 25"C and specified loading. 
2. 120mA m.«. 



ICAPACITANCE (7a = 25"C. /-1MHz) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


V..-0V 


3 


5 


pF 


Input /Output Capacitance 


Co 


Vi, o-0V 


5 


7 


pF 



Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (Vcc=5V ±10%, Ta-0 to + 70°C) 
• RISE FALL TIME 



Item 


Symbol 


min 


typ 


max 


Unit 


Input Rise Time 






5 


100 


ns 


Input Fall Time 






5 


100 


ns 



• AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 

Input rise and fall times : 5ns 

Input and Output timing reference levels : 1 . 5V 

Output load : See Figure 



Doul 
255B 



=}= 30pF' 



77T 

Output Load (A) 



* Including scope & jig. 



Dout 
2552 



777" 

Output Load ! B ) 
(for Ihz.Ilz, twz, tow) 



HITACHI 



t.-t/-5ns 

tnpui Puise Waveform 
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HM6148H-35, HM6148H-45, HM6148H-55, 

HM6148HP-35, HM6148HP-45, HM6148HP-S5 



■ AC CHARACTERISTICS (Ta=0 to 70"C, V CC = 5V±10%, unless otherwise noted.) 
•READ CYCLE 



Item 


Symbol 


HM6148HP-35 


HM6148HP-45 


HM6148HP-55 


Unit 


mill 


max 


min 


max 


min 


max 


Read Cycle Time 




35 


- 


45 


- 


55 


- 


as 


Address Access Time 


tAA 




35 




45 




55 


ns 


Chip Select Access Time 


f 4CS 




35 




45 




55 


ns 


Output Hold from Address Change 


ton 


5 




5 




5 




ns 




Chip Selection to Output in Low Z 


Ilz* 


10 




10 




10 




ns 


Chip Deselection to Output in High Z 


lH2 





20 





20 





20 


ns 


Chip Selection to Power Up Time 


tpu 

















ns 


Chip Deselection to Power Down Time 


tpD 




30 




30 




30 


ns 



* Transition is measured ±500mV from high impedance voltage with Load(B). This parameter is sampled and not 100% tested. 
At any temperature and voltage condition Ihi max is less than t L z min. 



• TIMING WAVEFORM OF READ CYCLE NO.1 



Address 





iac 






< ) 


( 




_ 1„ d, 

tog 




ton 




XXX) 


C D.I. Vslid / 


< 



• TIMING WAVEFORM OF READ CYCLE N0.2 (,,(3) 



High Impedance 



Vcc supply 







_/ High 

Impedance 



1 . WE is High for Read Cycle. 

2. Device is continuously selected, CS— Vil. 

3. Address Valid prior to or coincident with CS transition Low. 



— 
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HITACHI 



• WRITE CYCLE 



HM6148H-35, HM6148H-45, HM6148H-55, 

HM6148HP-35, HM6148HP-45, HM6148HP-55 



Item 


Symbol 


HM6148H/P-35 


HM6148H/P-45 


HM6148H/P-55 


Unit 














Write Cycle Time 




35 




45 




55 




ns 


Chip Selection to End of Write 




30 




40 




50 




ns 


Address Valid to End of Write 




30 




40 




50 




ns 


Address Setup Time 



















ns 


Write Pulse Width 


twp 


30 




35 




40 




ns 


Write Recovery Time 


twk 


5 




5 




5 




ns 


Data Valid to End of Write 


tow 


20 




20 




20 




ns 


Data Hold Time 


t0H 

















ns 


Write Enabled to Output in High Z* 


twz 





10 





15 





20 


ns 


Output Active from End of Write* 


tow 

















ns 



* Transition is measured ±500mV from high impedance voltage with ] 
This parameter is sampled and not 100% tested. 



(TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 



xx 



HI 

(<<<(((( 4 



• TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS Controlled) 





lac — 
















/ 

. ,„. tlj _ 




- — •»»-—> 




X X X X X XX 


\ i 


V//// 

In 

Icxv^ 


'///. 


AAAAAAAAAAA/v 

High impedance^ 




(XXX 



NOTES of Timing Waveform of Write 

1. A write occurs during the overlap of a low CS and a low WE. {(»»>) 

2. iw» is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

4. If the C3 low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state 

5. If C5 is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs 
must not be applied to them. 

6. Dout is the same phase of write data of this 
write cycle. 
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HM6148HLP-35, HM6148HLP-4S, 



HM61A8HLP-55 

1024-word x 4-bit High Speed Static CMOS RAM 

■ FEATURES 

• Low Power Standby and Low Power Operation; 
Standby: 5//W (typ.). Operation: 300mW (typ.) 

• Fast Access Time: 35/45/55ns (max) 

• Capability of Battery Back Up Operation 

• Single 5V Supply 

• Completely Static RAM: No Clock or Timing Strobe 
Required 

• No Peak Power-On Current 

• No Change of i*cs with Short Deselected Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible: All Inputs and Outputs 

• Three State Output 

• Pin-Out Compatible with Intel 2148H 

■ BLOCK DIAGRAM 



A.O- 
A.o- 



A. o- 
A. o- 



-cc 

-DC 
-DC 
-DC 
-DC 



Row 
Decode i 



Memory M»tri:> 
64X64 





Ult! 

Control 


f — I 


r — 

r — ' 




?> — ' 




Preliminary 




I PIN ARRANGEMENT 



A. [7 


W 


~is\ Vcc 


As [7 




77] a, 


A«[T 




To"] As 


AsfT 




77] Ai 


AofT 




77| I/O, 


Ai [T 




77J i/o, 


A,g 




77] i/oi 


cs Ll 




77] i/o. 


cnd[~9 




To] "we 



(Top View) 



(ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Ratings 


Unit 


Terminal Voltage • 


Vt- 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


7V 


to +70 


"C 


Storage Temperature 


r.„ 


-55 to +125 


•c 


Storage Temperature ** 


T.,.. 


-10 to +85 


•c 



* with respect to GND. 

* * under bias. 

■ TRUTH TABLE 



, 3.5V (Pulse »idth-20ns) 



C~S~ 


WE 


Mode 


Vcc Current 


I/O Pin 


Reference Cycle 


H 




Not selected 


I SB, I SB! 


High Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 1, 2 


L 


L 


Write 


Ice 

1 1 — 


Din 


Write Cycle 1, 2 



NQte) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specificatioi 



78 



HITACHI 



HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 



I RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70 *C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vti 


2.2 




6.0 


V 


V,L 


-0.5* 




0.8 


V 



* -3.0V (Puke width 20ns) 

■ DC AND OPERATING CHARACTERISTICS^ ] (r a =0~70°C, Vc 



= 5V±10%,GND = 0V) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Notes 


Input Leakage Current 


|/« l 


Vcc -max, K.— GND to Vcc 






2.0 


M 




Output Leakage Current 


\ho\ 


C5-V,„, V,. -GND to Vcc 






2.0 


M 




Operating Power Supply Current : DC 


he 


CS- V/t./^o-OmA 




35 


80 


mA 




Operating Power Supply Current : AC 


lea 


min. cycle, CS=» Vil, //^o~0mA 




50 


100 


mA 


(2) 


Standby Power Supply Current : DC 


IsB 


CS- V,» 




5 


20 


mA 




Standby Power Supply Current! 1) : DC 


IsB) 


CSJS VCC-0.2V, V,„S0.2V or 
K«2 Vcc -0.2V 




1 


50 


MA 




Output Low Voltage 


Vol 


7oi.-= 8mA 






0.4 


V 




Output High Voltage 


Voh 


I ok 4.0mA 


2.4 






V 





Notes) 1. Typie.l limits »re .t Vcc-5.0V, Ta-+2SC and specified loading. 
2. 120mA max. tor HM6148HLP-35 



ICAPACITANCE (7a = 25"C, /=lMHz) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


V..-0V 


3 


5 


pF 


Input /Output Capacitance 


Cl /O 


fi,o-0V 


5 


7 


pF 



Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (Vcc-5V + 10%, Ta-0 to + 70 'C) 
• RISE FALL TIME 



Item 


Symbol 


min 


typ 


max 


Unit 


Input Rise Time 


I. 




5 


100 


ns 


Input Fall Time 


l i 







5 


100 


ns 



>AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 

Input rise and fall times : 5ns 

Input and Output timing reference levels: 1.5V 

Output load : See Figure 



Dotii 
2550. 



J7T 

Output Load tAl 



* Including scope & jig. 



Uoui 
255ii 



■ 

Output Load I B * 
(for tm, tn, twz,tow) 



\ BQ J 



; 2u 



(.-t/-5ns 

Inpul Pulse Waveform 
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55- 



■ AC CHARACTERISTICS (r a = to 70°C, Vcc = 5V±10%, unless otherwise noted.) 
•READ CYCLE 



Item 


Symbol 


HM6148HLP-35 


HM6148HLP-45 


HM6148HLP-55 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


t RC 


35 




45 




55 




ns 


Address Access Time 


** 




35 




45 




55 


ns 


Chip Select Access Time 


Iacs 




35 




45 




55 


ns 


Output Hold from Address Change 


ton 


s 




5 




5 




ns 


Chip Selection to Output in Low Z 


(lz* 


10 




10 




10 




ns 


Chip Deselection to Output in High Z 


Ihz* 





20 





20 





20 


ns 


Chip Selection to Power Up Time 


tpu 

















ns 


Chip Deselection to Power Down Time 






30 




30 




30 


ns 



* Transition is measured ±500mV from hi 

At any temperature and voltage condition t» z max is I 



voltage with Load(B). This parameter is sampled and not 100% tested. 
;ss than t LZ min. 



• TIMING WAVEFORM OF READ CYCLE NO.1 



(0(2) 



)C 



% x x ) ( 



Dsn Valid 



X 



• TIMING WAVEFORM OF READ CYCLE NO. 2 



(0(3) 



— 



Vcc supply 
current 



High Impedance 
tru 



an 



50% 



I Impedance 



50* \ 



Notes) 1 . WE is High for Read Cycle. 

2. Device is continuously selected, CS- Vit. 

3. Address Valid prior to or coincident with CS transition Low. 
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-HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 



• WRITE CYCLE 



Item 


Symbol 


HM6148HLP-35 


HM6148HLP-45 


HM6148HLP-55 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 



twc 


35 




45 




55 




ns 


Chip Selection to End of Write 


tew 


30 




40 




50 




ns 


Address Valid to End of Write 


tm 


30 




40 




50 




ns 


Address Setup Time 


Ias 

















ns 


Write Pulse Width 


twp 


30 




35 




40 




ns 


Write Recovery Time 


twR 


5 




5 




5 




ns 


Data Valid to End of Write 


Idw 


20 




20 




20 




ns 


Data Hold Time 


toH 

















ns 


Write Enabled to Output in High Z* 


twz 





10 





15 





20 


ns 


Output Active from End of Write* 


tc» 

















ns 



* Transition is measured ±500mV from high impedance voltage with 1 
This parameter is sampled and not 100% tested. 
All inputs (',, (/ (rise and fall time) are less than 100ns. 



• TIMING WAVEFORM OF WRITE CYCLE N0.1 (WE Controlled) 





tCW m. 




( 




\ 


V//A 


V// 






. . w 

— twp- ■— 








W 




y 






U (Mr — — 


<<<<<<< 


— <x* 

[3) 


XX> — 

— — tow—*- 

- — H) 


m, 



WE 



• TIMING WAVEFORM OF WRITE CYCLE N0.2 (CS Controlled) 



Doul 



ZD 


— twc — 

c > 
















s / 
<»,■ w 


■ "i-ra — 






^ > 


V//// 


'///. 




tOM 




xxxxxxxxxxx>£~ 


)<XXX> 




High Impedance'-*-' 







Notes of Tkning Waveform of Write | 

1. A write occurs during the overlap 1 ot 1 * low C5 and a low WE. (iwr) 

2. tw* is measured from the earlier of C~5~ or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

A. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle. 
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HM61 48HLP-35, HM61 48HLP-45, HM61 48HLP-55 

■ LOW Vcc DATA RETENTION CHARACTERISTICS (O'C ^ Ta^70°C ) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Vcc for Data Retention 


K>i 




2.0 






V 


Data Retention Current 


IcCDK 


C52Vcc-0.2V 
V,.2Vcc-0.2V or 






30' 
20" 


ma 


Chip Deselect to Data Retention Time 


I CDS 


0VSK,.S0.2V 









ns 


Operation Recovery Time 






'llC(l) 






ns 



Note) I l,c-Retd Cycle Time. • Vcc-3.0V 

♦ * VCC-2.0V 



• LOW Vcc DATA RETENTION WAVEFORM 




ov- 
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HITACHI 



HM6147, HM6147-3 

HM61 A7P, HM6147P-3 



— 



4096- word < 1-bit High Speed Static CMOS RAM 



IFEATURES 

> Single 5V Supply and High Density 18 Pin Package 

> High Speed: Fast Access Time 55ns/70ns Max. 

> Low Power Standby and Low Power Operation, 
Stand by :100/iW typ.. Operation: 75mW typ. 

» Completely Static Memory - No Clock nor Timing Strobe 
Required 

> No Peak Power— On Current 

> No Change of t A cs with Short Chip Deselect Time 
» Equal Access and Cycle Time 

» Directly TTL Compatible - All Input and Output 

» Separate Data Input and Output: Three State Output 

» Pin-out Compatible with Intel 2147 NMOS STATIC RAM 

IBLOCK DIAGRAM 

* ° fc£= 




6 6 6 6 6 6 

A» Ai Ai Ai Ai* An 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin relative to GND* 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T. r . 


to +70 


r 


Storage Temperature! Ceramic 1 


T„. 


-65 to +150 


•c 


Storage Temperaturef Plastic ) 


T,. 


-55 to +125 


•c 



HM6147, HM6U7-3 




HM6147P. HM6147P-3 



IPIN ARRANGEMENT 



a. [7 




7TJ Vcr 


A, [7 




77J a. 


Ai(T 




7TJ A> 


A>[7 




TJJa. 


A. [7 




77J a, 


As["iT 




7TJ Ai. 


DoutfT 




7J] An 


"we(T 




jTJ Din 


GND (T 




CS* 



f To p View i 



* Vis mm 1 .0 

■ RECOMMENDED DC OPERATING CONDITIONS «TC £ T a £70°C ) 



Parameter 


Symbol 


nun 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


V,„ 


2.2 


3.5 


6.0 


V 


Input Low (logic 0) Voltage 


V, L 


-0.3* 




0.8 


V 


* V, L min--1.0VfP U l S e widthi20n 5 i 
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HM61 47, HM61 47-3, HM61 47P, HM61 47P-3 

■DC AND OPERATING CHARACTERISTICS (0*C ^Ta^WC, Vcc-5V±10%, GND-OV) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Notes 


Input Leakage Current 


1 lu 1 


Vcc" 5.5V, GND to Vcc 






2.0 


M 




Output Leakage Current 


\ho I 


CS- Vih, V„ t —0~~ Vcc 






2.0 


lik 




Operating Power Supply Current(l) DC 


Ice 


CS-V/i., Output open 


- 


15 


35 


mA 




Operating Power Supply Current (2) DC 


/cci 


CS- V, L , Vi«£0.2V or 

YlN^ vcc — U.iV 


— 


12 


— 


mA 


[2] 


Average Operating Current (3) 


icet 


L-ycie louns, duty ov/o 




14 




mA 


f2l 


Standby Power Supply Current (1) DC 


Um 


cs-v,« 




5 


12 


mA 




Standby Power Supply Current (2) DC 


IsBl 


csaVcc-o.2V, 

V,»S0.2V or K,»2V«:c-0.2V 




20 


800 






Output Low Voltage 


Vol 


/oi-12mA 






0.40 


V 




Output High Voltage 


Voh 


Ioh = — 8.0mA 


2.4 






V 





Note) 1. Typical limits .re at V CC -5.0V. To-25'C and specified loading. 
2. Reference only 



■AC TEST CONDITIONS 

• Input pulse levels: GND to 3.5V 

• Input rise and fall times: 10 ns 

• Input and output timing reference levels: 1.5V u ""'° 

• Output load: See Figure 1 jouk 



* Including scope « jig cp.cit.ncc 
Figure 1 Output Lo«d 

■CAPACITANCE (7o— 25°C, /-1.0MHz) 



Item 


Symbol 


Conditions 


max 


Unit 


Input Capacitance 


C. 


K.-0V 




5 


pF 


Output Capacitance 


c, 


V...-0V 


7 


PF 



Note) This parameter is sampled and not 100% teated. 



■AC CHARACTERISTICS (7a-0°C to 70°C, Kcc-5V±10%, unless otherwise noted.) 
• READ CYCLE 



Parameter 


Symbol 


HM6147/P-3 


HM6147/P 


Unit 


min 


max 


min 


max 


Read Cycle Time 


t,c 


55 




70 




ns 


Address Access Time 


t.A 




55 




70 




Chip Select Access Time 


tACS 




55 




70 


ns 


Output Hold from Address Change 


ton 


5 




5 




ns 


Chip Selection to Output in Low Z 


111 


10 




10 




ns 


Chip Deselection to Output in High Z 


Ihz 





40 





40 


ns 


Chip Selection to Power Up Time 


tpu 












ns 


Chip Deselection to Power Down Time 


tn 




30 




30 


ns 


• WRITE CYCLE 


Parameter 


Symbol 


HM6147/P-3 


HM6147/P 


Unit 


min 


max 


min 




max 


Write Cycle Time 


t»c 


55 




70 






Chip Selection to End of Write 


few 


45 




55 


_ 


ns 


Address Valid to End of Write 


t.te 


45 




55 




ns 


Address Setup Time 


tA S 












ns 


Write Pulse Width 


Imp 


35 




40 




ns 


Write Recovery Time 


twn 


10 




15 




ns 


Data Valid to End of Write 


t D W 


25 




30 




ns 


Data Hold Time 


toH 


10 




10 




ns 


Write Enabled to Output in High Z 


twz 





30 





35 


ns 


Output Active from End of Write 


tow 












ns 
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HITACHI 



HM61 47, HM61 47-3, HM61 47P, HM61 47P-3 



• TIMING WAVEFORM OF READ CYCLE N0.1 <,K " 





UC 










( ) 


( 








— tOM — 




previous \ 

d«t. mlM y 


( ;v ) 











• TIMING WAVEFORM OF READ CYCLE NO. 2 " 



Hiffh impedance 



Vcc supply 



I,, 



Notes: 1. WE is high for READ Cycle. 

2. CS is low for READ Cycle. 

3. Addresses valid prior to or coincident with CT 
transition low. 



• TIMING WAVEFORM OF WRITE CYCLE 



^ / 



1 



\ H,«h 



X 



Data out Dm undelinrt 



> 



KZ 
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HM6147,HM6147-3,HM6147P,HM6147-3 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 




SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



4.5 4.75 5.0 5.25 5.5 « 20 40 60 80 

Supply Voltije Vcc (V) Ambient Temperaiure To ("C! 



ACCESS TIME ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 




4.5 4.75 5j0 5.25 55 

Supply Voltase Vcc (V) 



ACCESS TIME 

vs. LOAD CAPACITANCE 



To = 25"C 
Vcc = MIN 



20 40 60 

Ambient Temperature To [XI 



SUPPLY CURRENT 
vs. FREQUENCY 



70ns 55ns 



100 200 300 

Load Capacitance Cl (pF> 



10 15 
Frequency / (MHz I 
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HITACHI 



HM6147LP, HM61 A7LP-3 



4096- word x 1-bit High Speed Static CMOS RAM 



I FEATURES 

• Single 5V Supply and High Density 18 Pin Package 
» High Speed: Fast Access Time 55ns/70ns Max. 

» Low Power Standby and Low Power Operation, 
Standby: 5nW typ. Operation: 75mW typ. 

> Completely Static Memory - No Clock nor Timing Strobe 
Required 

> No Peak Power— On Current 

> No Change of t ACS with Short Chip Deselect Time 
» Equal Access and Cycle Time 

> Directly TTL Compatible - All Input and Output 

> Separate Data Input and Output: Three State Output 

• Capability of Battery Back up Operation 

» Pin-out Compatible with Intel 2147 NMOS STATIC RAM 

■BLOCK DIAGRAM 









Row 




Decoder 















3 



Memory Main* 
M x 64 



Column I/O 



H 



Colu mn Decoder 




IPIN ARRANGEMENT 



Ao (T 


To] Vcc 


a, Ll 


77] a. 


Ai(T 


7TJ A7 


aj pr 


JTJ A. 


A<|T 


77] A* 


As |T 


77] a,. 


Do nt (T 


7T| a., 


WE [T 


77J Din 


CNDjT 


JJJ cs" 



Aa A* As Ai Aio All 



(Top View) 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin relative toGND* 


Vj 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature 


T.„ 


to +70 


°c 


Storage Temperature 


T... 


-55 to +125 


"C 



* V,l min--1.0V (Pulse Width S 20ns) 

■RECOMMENDED DC OPERATING CONDITIONS (0*C £ ToS70 C ; 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


V,» 


2.2 


3.5 


6.0 


V 


Input Low (logic 0) Voltage 


V, L 


-0.3- 




0.8 


V 



* V,i min--1.0V (Pulse widthSMns) 
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HM61 47LP,HM61 47LP-3 



■DC AND OPERATING CHARACTERISTICS (0*C g7os£70*C, V CC -5V±10%, GND-OV) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 




Notes 


Input Leakage Current 


\h,\ 


Vcc-5.5V, GND to Vcc 






2.0 






Output Leakage Current 


\ho\ 


CS-V;», V..,-0~Vcc 







2.0 


M 




Operating Power Supply Current(l) DC 


Ice 




CS-Vil, Output open 




15 


35 


mA 




Operating Power Supply Current (2) DC 


/cci 


CS-V, U V„,S0.2V or 
VinS Vcc— U.ZV 




12 




mA 


C2) 


Average Operating Current (3) 


Icci 


Cycle 150ns, duty 50% 




14 




mA 


[2) 


Standby Power Supply Current(l) DC 


I SB 


CS- V tH 




5 


12 


mA 




Standby Power Supply Current (2) DC 


IsBl 


CSSV CC -0.2V, V IK ZQ.2V or 
V IN > Vcc -0.2V 




1 


100 


M A 




Output Low Voltage 


Vol 


Iol — 12mA 






0.40 


V 




Output High Voltage 


Voh 


loH—— 8.0mA 


2.4 


— 




V 





Note) I. Typical limits ire *t Vcc -5.0V, 7a-25*C ind specified loading. 
2. Reference only. 



■ AC TEST CONDITIONS 

• Input pulse levels: GND to 3.5V 

• Input rise and fall times: 10 ns 

• Input and output timing reference levels: 1.5V 

• Output load: See Figure 1 



* Including scope & jig 
Figure 1 Output Load 



■CAPACITANCE (70-25*0. /-1.0MHz) 








Item 


Symbol 


Condition 


max 


Unit 


Input Capacitance 


C. 


v,„-ov 


5 


pF 


Output Capacitance 




V„,-0V 


7 


pF 



Note) This parameter is sampled and not 100% tested. 

■AC CHARACTERISTICS (7Yi-0*C to 70*C, V C c-5V±10%, unless otherwise noted.) 
• READ CYCLE 



Parameter 


Symbol 


HM6147LP-3 


HM6147LP 


Unit 


min 


max 


min 


max 


Read Cycle Time 


lac 


55 




70 




ns 


Address Access Time 


Ut 




55 




70 


ns 


Chip Select Access Time 


tACS 




55 




70 


ns 


Output Hold from Address Change 


tt3H 


5 




5 




ns 


Chip Selection to Output in Low Z 


tLZ 


10 




10 




ns 


Chip Deselection to Output in High Z 


tHZ 





40 





40 




Chip Selection to Power Up Time 


tpu 















ns 


Chip Deselection to Power Down Time 


tpo 




30 




' 

30 


ns 
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HM6147LP.HM6147LP-3 



• WRITE CYCLE 



Parameter 


Symbol 


HM6147LP-3 


HM6147LP 


Unit 


min 


max 


min 


max 


Write Cycle Time 


lire 


55 


— 


70 


- 


ns 


Chip Selection to End of Write 


lew 


45 


- 


55 


- 


ns 


Address Valid to End of Write 


t.w 


45 


- 


55 


- 


ns 


Address Setup Time 


Its 





- 





- 


ns 


Write Pulse Width 


twp 


35 




40 




ns 


Write Recovery Time 


IwR 


10 




15 




ns 


Data Valid to End of Write 


tow 


25 




30 




ns 


Data Hold Time 


Ioh 


10 




10 




ns 


Write Enabled to Output in High Z 


Iwz 





30 





35 


ns 


Output Active from End of Write 


tow 












ns 



• TIMING WAVEFORM OF READ CYCLE N0.1 



zx 



previous 
data valid 



• TIMING WAVEFORM OF READ CYCLE NO.2 



High impedance 



Vet supply /, , 



current h* 



J 



Dm valid 



\ Hi«h ,m 



NOTES: 1. WE is high for READ Cycle. 

2. CS is low for READ Cycle. 

3. Addresses valid prior to or coincident with CS" transition low. 
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HM6147LP.HM6147LP-3 



• TIMING WAVEFORM OF WRITE CYCLE 



cs 



z> 


f_ tWC ■ 

^ : 


l< 




tew — 


n 






■ Ms - 


—urn 

•* fwp — 

\ / 












)( 


Dit* in valid 


)( 




\- twt — 

/ High impedtnce 


— c 



ILOW Vcc RETENTION CHARACTERISTICS (Ta-O'C to 70°C) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc for Data Retention 


Vo, 


C§aVcc-0.2V, V..2Vcc-0.2V or S0.2V 


2.0 






V 


Data Retention Current 


ICCDR 


Vcc-2.0V, CS21.8V. VI-.21.8V or S0.2V 






40 


M 


Chip Deselect to Data Retention Time 


tcDM 











ns 


Operation Recovery Time 


tt 













» fir-Read Cycle Time 

• LOW Vet RETENTION CHARACTERISTICS 
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HM61 47H-35, HM61 47H-45, — 
HM6147H-55, HM61 47HP-35, 
HM61 47HP-45, HM61 47HP-5S 

4096-word x 1-bit High Speed Static CMOS RAM 



■FEATURES 

► Single 5V Supply and High Density 18 Pin Package 
» High Speed: Fast Access Time 35ns/45ns/55ns Max. 

• Low Power Standby and Low Power Operation, 
Standby: 100+iWtyp., Operation: 150mWtyp. 

» Completely Static Memory - No Clock nor Timing Strobe 

Required 
» No Peak Power— On Current 

» No Change of t ACS with Short Chip Deselect Time 
» Equal Access and Cycle Time 

• Directly TTL Compatible — All Input and Output 

» Separate Data Input and Output: Three State Output 

» Plug-In Replacement with Intel 2147H NMOS STATIC RAM 

■BLOCK DIAGRAM 




A] At As ,Ai Aid An 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin relative to GND 


Vt 


-3. 5- to +7.0 


V 


DC Output Current 


I. 


20 


m A 


Power Dissipation 


P, 


1.0 


W 


Operating Temperature 


T.,. 


to +70 


•c 


Storage Temperature (under bias) 


T,,, e ,,, 


-10 to +85 


r 


Storage Temperature (Ceramic) 


T.„ 


-65 to +150 


r 


Storage Temperature (Plastic) 


T... 


-55 to +125 


•c 



HM6147H-35, HM6147H-45, 


HM6147H-55 






(DG-18) 


HM6147HP-35, 


HM6147HP-45, 


HM6147HP-55 




1 


(DP-U) 



IPIN ARRANGEMENT 





77) vtc 


A. [T 


77] As 


Ai[T 


T6~| A: 


Ai[T 


77) a. 


A. [7 


77Ja> 


As(T 


77] ai. 


Item [J 


77] A,, 


WE rr 


77] Din 


CNI) [T 


To] "cs 



(Top Vitwl 



* Pulse Widdi 20ns, DC ! -0.5V 
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HM61 47H-35.HM6 1 47H-45.HM61 47H-55.HM61 47HP-35.HM61 47HP-45.HM61 47HP-55 
■RECOMMENDED DC OPERATING CONDITIONS (0"C £ Tag 70'C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logk 1) Voltage 


V,H 


2.0 


3.0 


6.0 


V 


Input Low (logic 0) Voltage 


Vu 


-3.0* 




0.8 


V 



« Pulse Width 20ns. DC : -0.5V 

■DC AND OPERATING CHARACTERISTICS (0°C £ 7aS>70'C, Vcc-5V±10%, GND-0V) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


\U,\ 


V CC -5.5V, GND to Vcc 






10 


M 


Output Leakage Current 


\ho\ 


CS-V.h. K.,-0V-Vcc 






10 


„A 


Operating Power Supply Current (1) DC 


Ice 


CS-Kt, Output open 




30 


80 


RlA 


Operating Power Supply Current (2) DC 


Icci 


CS=V/i., Minimum Cycle 




40 


80 


mA 


Standby Power Supply Current (1) DC 


I SB 


CS-V,», Vcc-Min to Max 




8 


20 


mA 


Standby Power Supply Current (2) DC 


ISBI 


CSS Vcc-0.2V, 

V,„S0.2V or V,«£Vcc-0.2V 




20 


800 





Output Low Voltage 


Vol 


Iol — 8mA 






0.40 


V 


Output High Voltage 


v„„ 


Ion 4mA 


2.4 






V 



Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute. 
2. Typical limits are at Vcc-5.0V, 7"o-25*C and specified loading. 

■AC TEST CONDITIONS 

• Input pulse levels: GND to 3.0V 

• Input rise and fall times: 5 ns 

• Input timing reference levels: 1 .5V 

• Output load: See Figure 

• Output timing reference levels: 1.5V (HM6147H/P-35) 

0.8 to 2.0V (HM6147H/P-45/55) 



Output Load A 



* Including 



777 

scope & jig capacitance 



Output Load B 



33!JSJ< 



ICAPACITANCE (Ta= 25 = C. /-1.0MHz) 



Item 


Symbol 


Conditions 


max 




Unit 


Input Capacitance 


C„ 


V..-0V 


5 


pF 


Output Capacitance 


C, 


V„ -ov 


6 


pF 



Note) This parameter is 



and not 100% tested. 
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HM61 47H-35.HM61 47H-45.HM61 47H-55.HM61 47HP-35.HM61 47HP-45.HM6 1 47HP-55 



■ AC CHARACTERISTICS (Ta-0°C to 70 "C, Vcc-5V±10%, unless otherwise noted.) 
• READ CYCLE 



Parameter 


Symbol 


HM6147H/P-35 


HM6147H/P-45 


HM6147H/P-55 


Unit 




min 


max 


min 


max 


min 


max 


Read Cycle Time 


f« 


35 


- 


45 


- 


55 


- 


ns 




Address Access Time 


t*A 




35 




45 




55 


ns 




Chip Select Access Time 


t>ICS 




35 




45 




55 


ns 




Output Hold from Address Change 


t0H 


5 




5 




5 




ns 




Chip Selection to Output in Low Z 


liz 


5 




5 




5 




ns 


(2), (3), (7) 




Chip Deselection to Output in High Z 


t»Z 





30 





30 





30 


ns 


eo.ofl.m 


Chip Selection to Power Up Time 


tpu 

















ns 




Chip Deselection to Power Down Time 


tn 




20 




20 




20 


ns 





• TIMING WAVEFORM OF READ CYCLE N0.1 ( 



X 



Previous Data Valid 



XXX>ZE 



• TIMING WAVEFORM OF READ CYCLE NO.2 







Ice 
hi 



\ High 



J' 







V'cc Supply 
Cur rem 

Notes: 1 . AU Read Cycle timings are referenced from last valid address to the 
first transitioning address. 

2. At any given temperature and voltage condition, *HZ max. is less than 
{ LZ min. both for a given device and from device to device. 

3. Transition is measured ±500mV from steady state voltage with 
specified loading in Load B. 

4. WE is high for READ Cycle. 

5. Device is continuously selected, CS=Kft- 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
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HM6147H-35, HM6147H-45, HM6147H-55, HM6147HP-3S, HM6147HP-45, HM6147HP-55 
• WRITE CYCLE 



Parameter 


Symbol 


HM6U7H/P-35 


HM6147H/P-45 


HM6147H/P-55 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


35 




45 




55 




ns 


[2] 


Chip Selection to End of Write 


lor 


35 




45 




45 




ns 




Address Valid to End of Write 


Iaw 


35 




45 




45 




ns 




Address Setup Time 


Ias 










_ 





_ 


ns 




Write Pulse Width 


twp 


20 




25 




30 




ns 




Write Recovery Time 


twn 

















ns 




Data Valid to End of Write 


tm 


20 




25 




25 




ns 




Data Hold Time 


tm 


10 




10 




10 




ns 




Write Enabled to Output in High Z 


twz 





20 





25 





30 


ns 


[3], [4] 


Output Active from End of Write 


tow 

















ns 


(3), [4] 



• TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED) 



ZK 



X 



X 



A 



r 



Dili 0>i D.u IMel.ntd 



• TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED) 



X 



V" 



^ 



7 



WWW 



i 



fTTT 



D»i 1" Vilid 



Noir ) CS or WE tre Hi|h for .Add r en Transit 



— 



Notes: 1. If C5 goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6147H-35, HM6147H-45, HM6147H-55, HM6147HP-35, HM6147HP-45, HM6147HP-55 

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 




Supply Voli.je Vfcc (V) An*ieni T««»er.ture 7i CO 
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95 



HM61 47H-35.HM61 47H-45.HM61 47H-55,HM61 47HP-35.HM61 47HP-45.HM61 47HP-55 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



B 1.2 

I 



0.4 









7o=25 - C 
Vcc=5V 




X- 








\ 
















i 
























OUTPUT CURRENT VS. 



i 1.2 

■S 1.0 

^ 0.1 

I 

































7i=25'C 
Vcc = 5V 



















■ (V) 



Output VoIt. 8 e Vol (V) 



STANDBY 

10"' 



TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 



1 10"' 









VCC-3V 
C5=2.8V 



















20 40 60 

Ambient Temperature Ta CO 



_ 0.8 

£ 

3 

», 0.6 







































7 


■=2rc 

5=Vcr-0.2V 











3 4 S 

Supply Voltege Vcc (V) 



STANDBY CURRENT VS. INPUT VOLTAGE 













7o= 
lfcc 
C5= 


1 

25T 

=5.0V 

4.8V 



























































2 3 4 5 6 

Input Volt.se K. (V) 



HM61A7HLP-35, HM61A7HLP-45, 
HM6147HLP-55 



4096- word x 1-bit High Speed Static CMOS RAM 



■FEATURES 

• Single 5V Supply and High Density 18 Pin Package 

• Highspeed: Fast Access Time 35ns/45ns /55ns Max. 

• Low Power Standby and Low Power Operation, 
Standby; 5jiW typ.. Operation: 150mW typ. 

• Completely Static Memory - No Clock nor Timing Strobe 
Required 

• No Peak Power— On Current 

• No Change of t A cs with Short Chip Deselect Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible - All Input and Output 

• Separate Data Input and Output: Three State Output 

• Plug-In Replacement with Intel 2147H NMOS STATIC RAM 

• Capable of Battery Back up Operation 
■BLOCK DIAGRAM 




IPIN ARRANGEMENT 




we -LbCH 





jTJVcc 


A, [7 


TTJa. 


A, [7 


TJJa, 


As [7 


TTJa. 


A.[T 


77) a, 


As [7 


TTJa,. 


Doui[T 


75~| a. i 


"we (T 


7T[ Din 


cnd(7 


T7J cF 



(Top View) 



Ai A4 As At Aie An 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin relative to GND 


Vt 


-3.5* to +7.0 


V 


DC Output Current 


n 


20 


dA 


Power Dissipation 


Pr 


1.0 


W 


Operating Temperature 


t m 


to +70 


'C 


Storage Temperature (under bias) 




-10 to +85 


"C 


Storage Temperature 


T... 


-55 to +125 


•c 



* Pulse Width 20ns. 




: -0.5V 

DC OPERATING CONDITIONS (0'C ^ TaS70C ) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


Vn, 


2.2 


3.0 


6.0 


V 


Input Low (logic 0) Voltage 


Vu 


-0.5' 




0.8 


V 



» Vil min =- — 3V (Pulse .vidth S20ns) 
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HM61 47HLP-35.HM61 47HLP-45.HM61 47HLP-55 

■DC AND OPERATING CHARACTERISTICS (0°C s: Ta^ffC, Vbc-5V±10%, GND-OV) 



Parameter 


Symbol 


Test Condition 


min 








Input Leakage Current 


1 hi 1 


Vcc — 5.5V, GND to Vcc 






10 


/<A 


Output Leakage Current 


\ho\ 


CS-V,„, V.,-0V~Vcc 


- 


- 


10 


pA 


Operating Power Supply Current (1) DC 


Ice 


CS-Kl, Output open 




30 


80 


mA 


Operating Power Supply Current (2) DC 


Icci 


CS— Vil, Minimum Cycle 




40 


80 


mA 


Standby Power Supply Current (1) DC 


IsB 


CS= V/h, Vcc = Min to Max 




5 


15 


mA 




Standby Power Supply Current (2) DC 


IsB\ 


csaVcc-o.2v, 

V,„S0.2V or V,„2Vcc-0.2V 




1 


100 


M 


Output Low Voltage 


v;.i 


/oi-8mA 






0.40 


V 


Output High Voltage 


VOH 


Ion 4.0mA 


2.4 






V 



Output Load A 



Unut O 



Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typical limits are at Vcc-5.0V. Ta-25'C and specified loading. 

■AC TEST CONDITIONS 

• Input pulse levels: GND to 3.0V 

• Input rise and fall times: 5 ns 

• Input timing reference levels: 1.5V 

• Output load: See Figure 

• Output timing reference levels: 

1.5V (HM6147HLP-35) 
0.8 to 2.0V (HM6147HLP-45/55) 

* Including scope & jig capacitance 

Vcc 



=Z 30pF" 



Output Load B 



D.., o- 
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■CAPACITANCE (ra-25'C, /=1.0MHz) 


Item 


Symbol 


Conditions 


max 


Unit 


Input Capacitance 


C. 


V..-0V 


5 




Output Capacitance 


Cm, 


V...-0W 


6 


pF 



Note) This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (7a = 0'C to 70°C, Vcc=5V±10%, unless otherwise noted.) 
•READ CYCLE 



Parameter 


Symbol 


HM6147HLP-35 


HM6147HLP-45 


HM6147HLP-55 


Unit 


Notes 


min 


max 


min 


max 


min 


max 




Read Cycle Time 


tac 


35 




45 








ns 


Hi 


Address Access Time 


tAA 




35 




45 




55 


ns 




Chip Select Access Time 


tACS 




35 




45 




55 


ns 




Output Hold from Address Change 


I OH 


5 




5 




5 




ns 




Chip Selection to Output in Low Z 


Itz 


5 




5 




5 




ns 


(2), (3). (7) 


Chip Deselection to Output in High Z 


I HZ 





30 





30 





30 


ns 


(2), (3). (7) 


Chip Selection to Power Up Time 


tpv 

















ns 




Chip Deselection to Power Down Time 


tpo 




20 




20 




20 


ns 
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HM61 47HLP-35.HM61 47HLP-45.HM61 47HLP-55 



• TIMING WAVEFORM OF READ CYCLE NO.1' 



D«u Out Pr.vioui Diit Valid 



)C 



• TIMING WAVEFORM OF READ CYCLE NO.2 



Ice 



\ Huh I 



Notes: 



1. All Read Cycle timings are referenced from last valid address to the 
first transitionining address. 

2. At any given temperature and voltage condition, t m m ax. is less than 
*LZ min. both for a given device and from device to divice. 

3. Transition is measured ±500mV from steady state voltage with 
spec ified loading in Load B. 

4. Wis high for READ Cycle. 

5. Device is continuously selected, ^S=K/j,. 

6. Addresses valid prior to or coincident with7J5~ transition low. 

7. This parameter is sampled and not 100% tested. 



• WRITE CYCLE 



Parameter 


Symbol 


HM6147HLP-35 


HM6147HLP-45 


HM6147HLP-55 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twe 


35 




45 




55 




ns 


1.21 


Chip Selection to End of Write 


tew 


35 




45 




45 




ns 




Address Valid to End of Write 




35 




45 




45 




ns 




Address Setup Time 



















ns 




Write Pulse Width 


twp 


20 




25 




30 




ns 




Write Recovery Time 


twR 

















ns 




Data Valid to End of Write 


tow 


20 




25 




25 




ns 




Data Hold Time 


t DH 


10 




10 




10 




ns 




Write Enable to Output in High Z 


twz 





20 





25 





30 


ns 


(3), [4] 


Output Active from End of Write 


tow 

















ns 


[3]. [4] 
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HM61 47HLP-35.HM61 47HLP-45.HM61 47HLP-55 

• TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED) 









) 


( > 




\\ 


"t > 


V 






1*1 










\ 7 

tow 


I 


)( 


Dtu l> Valid 


X 


Ditt Undefined 


) 

/ H,,h Imcxllict 





• TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED) 



Z3( 



WWW 



- fTTT 



J 



Notes: 1 . If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 

ILOW Vcc DATA RETENTION CHARACTERISTICS (77.-OTJ to + 70TJ) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc for Data Retention 


Vdk 


CS!sVcc-0.2V 
V;»2Vcc-0.2V or V,»S0.2V 


2.0 






V 


Data Retention Current 


ICCDH 


Vcc-3.0V, CS22.8V 
V,»S2.8V or V,»S0.2V 






50 


M 


Chip Deselect to Data Retention Time 


ICDM 


See Retention Waveform 









ns 


Operation Recovery Time 


/« 


t«c« 






ns 


* (*c-R«*d Cycle Time. 













• LOW Vcc DATA RETENTION WAVEFORM 



cs - 



7 




Data Retention Mode 



C5i V M -0.2V 




(IV 
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HM6116-2, HM6116-3, HM6116-4 
HM6116P-2, HM6116P-3, HM6116P-4 



2048-word x 8-bit High Speed Static CMOS RAM 



■FEATURES 

• Single 5V Supply and High Density 24 Pin Package 

• High speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: IOO/kW (typ.) 
Low Power Operation Operation: 180mW (typ.) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

■FUNCTIONAL BLOCK DIAGRAM 

AiO- 




■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5* to +7.0 


V 


Operating Temperature 


T.„ 


to +70 


'C 


Storage Temperature ( Plastic ) 


T.„ 


-55 to +125 


•c 


Storage Temperature (Ceramic 


T.„ 


-65 to +150 


'C 


Temperature Under Bias 


T,,., 


-10 to +85 


"C 


Power Dissipation 


Pt 


1.0 


w 



» Pulse Width 50ns : 



ITRUTH TABLE 



HM6116-2, HM6116-3, 
HM6116-4 




(DG-24) 



HM6116P-2, HM6116P-3, 
HM6116P-4 




(DP-24) 



IPIN ARRANGEMENT 



Ai | 1 




3* 


*E 




23 | A, 


As [ 3 




22 | At 


A, | 4 




21 [ We 






^ OH 


a, []T 




1!» | An 


A, 




m |"c? 


A. [jT 




ir | no. 


I/O] |~9~ 




16 | l.'Oi 


l/ftl I" 




IS | in. 


i.o, QT 




14 | VCk 


GND QT 




13 | I/O. 



iT..p Vie. 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


/sfl, I$B\ 


High Z 




1. 


L 


H 


Read 


Ice 


Dout 


Read Cycle 1 3 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle (2) 
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HM61 1 6-2.HM61 1 6-3.HM61 1 6-4.HM61 1 6P-2.HM61 1 6P-3.HM61 1 6P-4 



I RECOMMENDED DC OPERATING CONDITIONS (7a=0 to +70C ) 



Item 


Symbol 


wan 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V,» 


2.2 


3.5 


6.0 


V 


V, L 


-1.0* 




0.8 


V 



• Pulse Width : 50ns. DC: V,t min- -0.3V 



IDC AND OPERATING CHARACTERISTICS (Vcc-5V±10%, GND = 0V, Ta=0 to + 70°C) 



Item 


Symbol 


Test Conditions 


HM6U6/P-2 


HM6116/P-3/-4 


Unit 


min 


typ' 


max 


min 


typ' 


max 


Input Leakage Current 


l/ul 


Vcc-5.5V, V..-GND to Vcc 






10 






10 


M A 


Output Leakage Current 


\h»\ 


CS-V,„ or OE- V,„, 
Vm,-GND to Vcc 






10 






10 


MA 


Operating Power Supply 
Current 


Ice 


CS-V,c, /,4,-OmA 




40 


80 




35 


70 


mA 


tcei — 


V,»-3.5V, V, t -0.6V, 
//.-o™0mA 




35 






30 




mA 


Average Operating Current 


Icci 


Min. cycle, duty-100% 




40 


80 




35 


70 


mA 


Standby Power Supply 
Current 


Is a 


CS- V,h 




5 


15 




5 


15 


mA 


/sBl 


CS2Vc r -0.2V. V.iVcc 
-0.2V or K.S0.2V 




0.02 


2 




0.02 


2 


mA 




Vol 


Iol = 4mA 






0.4 








V 


Output Voltage 


/oi.-2.1mA 












0.4 


V 




Voh 


Ioh~ -1.0mA 


2.4 






2.4 






V 



* Vcc-5V. 7V.-25-C 
»» Relerence Only 

■AC CHARACTERISTICS ( Vcc-5V±10%, Ta~0 to +70'C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L = 100pF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116/P-2 


HM6116/P-3 


HM6116/P-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


t KC 


120 




150 




200 




ns 


Address Access Time 






120 




150 




200 


ns 


Chip Select Access Time 


tACS 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


tCLZ 


10 




15 




15 




ns 


Output Enable to Output Valid 


tOE 




80 




100 




120 


ns 


Output Enable to Output in Low Z 


toLZ 


10 




15 




15 




ns 


Chip Deselection to Output in High Z 


tcHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


l0HZ 





40 





50 





60 


ns 


Output Hold from Address Change 


toH 


10 




15 




15 




ns 
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HM61 1 6-2,HM61 1 6-3,HM61 1 6-4,HM61 1 6P-2.HM61 1 6P-3.HM61 1 6P-4 



• WRITE CYCLE 



Item 


Symbol 


HM6116/P-2 


HV16116/P-3 


HM6116/P-4 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


120 




150 


— 


200 


— 


ns 


Chip Selection to End of Write 


tew 


70 


— 


90 


— 


120 


— 


ns 


Address Valid to End of Write 


t,w 


105 


— 


120 


— 


140 




ns 


Address Set Up Time 


Ias 


20 


- 


20 


- 


20 


— 


ns 


Write Pulse Width 


twp 


70 




90 




120 




ns 


Write Recovery Time 


twtt 


5 




10 




10 




ns 


Output Disable to Output in High Z 


loHZ 





40 





50 





60 


ns 


Write to Output in High Z 


twtlZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


tDW 


35 




40 




60 




ns 


Data Hold from Write Time 


Idh 


5 




10 




10 




ns 


Output Active from End of Write 


tow 


5 




10 




10 




ns 



ICAPACITANCE (/=lMHz, Ta-25'C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 




K.-0V 


3 


5 


pF 


Input/Output Capacitance 


Cl/O 


Vm>-0V 


5 


7 


P F 



Note) This parameter is sampled and not 100% tested. 

■TIMING WAVEFORM 

• READ CYCLE (1)°' 



CI 



X 



— 



- h i* — 



X 



XZZZZL 



mil 



• READ CYCLE (2) 





(tc 

< ) 


< 




lAA- 

tOH — 






Ion 




> 


<XKK> 


< > 


< 



• READ CYCLE (3) "»""> 
cs 




NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS"= V JL . 

3. Address Valid prior to or coincident with ^transition Low. 

4. OT= Vjl. 
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HM61 1 6-2.HM61 1 6-3.HM61 1 6-4.HM61 1 6P-2.HM61 1 6P-3.HM61 1 6P-4 



WRITE CYCLE (1) 



X 



0E 



WE 



7L 7 



X 



^k SSSS 

mzzzz 



(3) 



en 



s 



lo»- 



• WRITE CYCLE(2)< 



WE 



£nzzzzzz 



-<»ptn- 



, («) (7) 



NOTES: 1. A write occurs during the overlap (%) of a low CS and a low WE. 

2. r^ is measured from the earlier of C3~or"WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CS" low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. OE is continuously low. (OE"= Vj L ) 

6- Dout ' s t>le same phase of write data of this write cycle. 

7. Dqu* is the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM61 1 6-2.HM61 1 6-3.HM61 1 6-4,HM61 1 6P-2.HM61 1 6P-3.HM61 1 6P-4 






HITACHI 
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HM61 1 6-2.HM61 1 6-3.HM61 1 6-4.HM61 1 6P-2.HM61 1 6P-3.HM61 1 6P-4 
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A*K uiTAPUl 



HM6116I-2.HM6116I-3, 

HIVI6116I-4 Wide Operating Temperature Range 



2048-word x 8-bit High Speed Static CMOS RAM 



■FEATURES 

• Wide Operating Temperature Range -40~+85°C 

• Single 5V Supply and High Density 24 Pin Package 

• High speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: IOOuW (typ.) 
Low Power Operation Operation: 1 80m W (typ.) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

■FUNCTIONAL BLOCK DIAGRAM 





IPIN ARRANGEMENT 




IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


V, 


-0.5* to +7.0 


V 


Operating Temperature 


T.„ 


- 40 to +85 


•c 


Storage Temperature 


T... 


-65 to +150 


"C 


Power Dissipation 


Pr 


1.0 


w 



• Pulse Width 50ns : -1.5V 




HITACHI 
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HM6116I-2, HM6116I-3, HM6116I-4 
■TRUTH TABLE 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


/ss, lsBl 


High Z 




L 


L 


H 


Read 


Ice 


Drat 


Read Cycle (l)-(3) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle 12) 



■RECOMMENDED DC OPERATING CONDITIONS (To- -40 to +85"C) 



Item 


Symbol 


nun 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.8 


5.0 


5.5 


V 


GND 











V 


Input Voltage 



V„ 


2.2 


3.5 


6.0 


V 

i 


V, L 


-1.0» 


, 


0.8 


v 



» Puis. Width : 50ns. DC : V, L m,n- -0.3V 

IDC AND OPERATING CHARACTERISTICS (Vcc = 5V±10%, GND-0V, Ta--40 to +85*C) 



Item 


Symbol 


1 . . 

Test Conditions 


min 


typ* 


max 


| 

Unit 


Input Leakage Current 


\h,\ 


Vcc-5.5V. K.-GND to V CI 






10 


M A 


Output Leakage Current 


1 ho\ 


CS — Vm or OE - Vik, V/o — GND to Vcc 






10 


M 


Operating Power Supply 
Current 




CS-Vn, /,^,-OmA 




35 


90 


mA 


lea" 


V,»-3.5V, V,l-0.6V. /„„-0mA 




30 




mA 


Average Operating Current 


Icet 


Min. cycle, duty -100% 




35 


90 


mA 


Standby Power Supply 
Current 


Isa 


CS-V,„ 




4 


20 


mA 


I S8\ 


CS2Vcc-0.2V. V„S Vcc -0.2V or K.S0.2V 




0.02 


2 


mA 


Output Voltage 


Vol 


/oi-2.1mA 






0.4 


V 


V„h 


Ioh 1.0mA 


2.4 






\' 



* VW-5V. T.-25X' 
■ Only 



IAC CHARACTERISTICS (Vcc-5V±10%, Ta= -40 to +85'C) 

► AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Ci_ = 100pF (including scope and jig) 



• READ CYCLE 



Item 


Symbol 


HM61161-2 


HM6116I-3 


HM6116I-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


l»c 


120 




150 




200 




ns 


Address Access Time 


it. 




120 




150 




200 


ns 


Chip Select Access Time 






120 




150 




200 


ns 


Chip Selection to Output in Low Z 


tctl 


10 




10 




10 




ns 


Output Enable to Output Valid 


Ice 




80 




100 




120 


ns 


Output Enable to Output in Low Z 


t0LX 


10 




10 




10 




ns 


Chip Deselection to Output in High Z 


ICHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


10H2 





40 





50 





60 


ns 


Output Hold from Address Change 


lo» 


10 




10 




10 




ns 
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HITACHI 



HM6116I-2, HM6116I-3, HM6116I-4 

• WRITE CYCLE 



Item 


Symbol 


HM6116I-2 


HM6116I-3 


HM6116I-4 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twC 


120 





150 


_ 


200 


_ 


ns 


Chip Selection to End of Write 


lew 


70 




90 


_ 


120 


— 


ns 


Address Valid to End of Write 


tAW 


105 





120 





140 


_ 


ns 


Address Set Up Time 


Ia s 


20 


— 


20 


_ 


20 


_ 


ns 


Write Pulse Width 


twp 


70 


- 


90 


— 


120 


— 


ns 


Write Recovery Time 


twH 


5 




10 




10 




ns 


Output Disable to Output in High Z 


to HZ 













60 


ns 


Write to Output in High Z 


tWHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


tow 


35 




40 




60 




ns 


Data Hold from Write Time 


iDH 


5 




10 




10 




ns 


Output Active from End of Write 


tow 


5 




10 




10 




ns 



ICAPACITANCE (/=lMHz, 7a»25'C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


K.-0V 


3 


5 


pF 


Input/Output Capacitance 




W<,-0V 


5 


7 


pF 



Note) This parameter is sampled and not 100% tested. 

■ TIMING WAVEFORM 
• READ CYCLE (I)"" 31 



• READ CYCLE (2)' 



Dout 



• READ CYCLE(3) C,H1)<4> 

cs 



>c 



5Sl 



— tu »- 



f HTTT, 



X 



X 



X 



X 



NOTES: 1. "WE" is High for Read Cycle. 

2. Device is continuously selected, CS"= V IL . 

3. Address Valid prior to or coincident with ClTtransition Low. 

4. <3F> V^. 
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HM6116I-2, HM6116I-3, HM6116I-4,- 
WRITE CYCLE (1) 



OE 



C5 



WE 



) 


i ) 


{ 








I..I2) 




r 


ten 

/ 


s 


w\ 


\\\ 


sWW> 


'/.///// 






— in — 






WW 






, lilt 

— UlH/ — 


ffi 

" (»f 


2JLJ///A 

ID* — 


— (dm *- 

xxxx 



• WRITE CYCLE (2)' 



cs 



WE 



X 



zZZZZZZZZ 



))))))))))))! 



Y 



IS! [7j 



K 



.* Vwp) 

2. t WR is measured from the earlier of C5~or WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CS" low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. OE is continuously low. (0~E= V IL ) 

6. D out is the same phase of write data of this write cycle. 

7. D „t is the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116PI-2, HM6116PI-3, 

HIVI6116PI-4 Wide Operating Temperature Range 



2048-word x 8-bit High Speed Static CMOS RAM 
■FEATURES 



Wide Operating Temperature Range -40~+85°C 

Single 5V Supply and High Density 24 Pin Package 

High speed: Fast Access Time 120ns/150ns/200ns (max.) 

Low Power Standby and Standby: 100/iW (typ.) 

Low Power Operation Operation: 180mW (typ.) 

Completely Static RAM: No clock or Timing Strobe Required 

Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 

Equal Access and Cycle Time 



■FUNCTIONAL BLOCK DIAGRAM 

A.O 



I/O, O 




Memory M»trii 
128X128 



Column Decoder 



I/O. O 



A. A. A. 



-O Krc 




IPIN ARRANGEMENT 



Ai 

Ai (jT 

a. 

l/Oi |"T" 
l'Q.|"7iT 

csd QT 



3 „, 

L'3 I Ai 
2I~[ WE 



18 | " 



16 | I It 
15 | I O, 



13 | L n, 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


1 ; 

Vr 


-0.5' to +7.0 


V 


Operating Temperature 


T„. 


-40 to +85 


T 


Storage Temperature 


T... 


-55 to +125 


"C 


Power Dissipation 


Pr 


1.0 


w 



* Pulse Width 50ns : -1.5V 
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HM6116PI-2, HM6116PI-3, HM6116PI-4- 
■TRUTH TABLE 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


Isb, /sbi 


High Z 




L 


L 


H 


Head 


Ice 


Dout 


Read Cycle (1)~(3) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle (2) 



I RECOMMENDED DC OPERATING CONDITIONS (7a=-40 to +85 - C) 



Item 


Symbol 


min 


typ 


max 


Unit 




Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 




GND 











V 


Input Voltage 


V,» 


2.2 


3.5 


6.0 


V 




V,i 






0.8 


V 





» Pulse Width: 50ns. DC I V,i min- -0.3V 



IDC AND OPERATING CHARACTERISTICS ( V CC «5V±10%, GND = 0V, Ta= -40 to +85'C! 



Item 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


l/i.l 


Vcc-5.5V. K.-GND to Vcc 






10 




Output Leakage Current 


/, ., i 


CS-V„ or OE-V,„, Vm,-GND to Vcc 






10 


„A 


Operating Power Supply 
Current 


id 


C§-V,t, /,„-0mA 




35 


90 


mA 


Ice," 


K»-3.5V. V,i-0.6V. /„ o -0mA 




30 




mA 


Average Operating Current 


lee, 


Min. cycle, duty-100% 




35 


90 


mA 


Standby Power Supply 
Current 


Isb 


Cg-V„ 




4 


20 


mA 


IsBl 


CSi Vcc-0.2V, V<.iVcc -0.2V or V.S0.2V 




0.02 


2 


, 

mA 


Output Voltage 


Vat 


/o/.-2.1mA 






0.4 


V 


VcH 


Ion 1.0mA 


2.4 




— 


V 



» Wc-5V, r -25*C 
** Reference Only 



■AC CHARACTERISTICS (Vcc = 5V±10%, r a = -40 to +85°C ) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Ci « lOOpF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116PI-2 


HM6116PI-3 


HM6116PI-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


i»c 


120 




150 




200 




ns 


Address Access Time 


Iaa 




120 




150 




200 


ns 


Chip Select Access Time 


tACS 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


tCLt 


10 




10 




10 




ns 


Output Enable to Output Valid 


l0E 




80 




100 




120 


ns 


Output Enable to Output in Low Z 


toiz 


10 




10 




10 




ns 


Chip Deselection to Output in High Z 


tcHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


t0H2 





40 





50 





60 


ns 


Output Hold from Address Change 


t0K 


10 




10 




10 




ns 
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HM6116PI-2, HM6116PI-3, HM6116PI-4 



• WRITE CYCLE 



Item 


Symbol 


HM6U6PI-2 


IM6116P1-3 


HM6116PI-4 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


120 


— 


150 


— 


200 


— 


ns 


Chip Selection to End of Write 


tew 


70 


— 


90 




120 


— 


ns 


Address Valid to End of Write 


Iaw 


105 


— 


120 


— 


140 


— 


ns 


Address Set Up Time 


t*s 


20 


- 


20 


- 


20 


— 


ns 


Write Pulse Width 


tw. 


70 




90 




120 




ns 


Write Recovery Time 


twn 


5 




10 




10 




ns 


Output Disable to Output in High Z 


ioHZ 





40 





50 





60 


ns 


Write to Output in High Z 


IWHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


Id* 


35 




40 




60 




ns 


Data Hold from Write Time 


tDH 


5 




10 




10 




ns 


Output Active from End of Write 


tow 


5 




10 




10 




ns 



ICAPACITANCE (/-1MHz, r a -25'C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


c. 


v„-o\ 


3 


5 


pF 


Input/Output Capacitance 


Ci,o 


Vmj-OV 


5 


7 


pF 



Note) This 



•nd not 100% tested. 



■TIMING WAVEFORM 
• READ CYCLE (1) " 



ilE 



X 



C5 



<xx 



I ZTTTT, 



tzzz 



L 



• READ CYCLE (2)' 



Address 





— IMC — 




) 


< ) 


( 




" t4A - 

10 ft -4 




tOH 






K > 


< 



• READ CYCLE(3) <,)(:,><4> 

cs 



ESC 



NOTES: 1. Wis High for Read Cycle. 

2. Device is continuously selected, CS"= V tL . 

3. Address Valid prior to or coincident with rS"transition Low. 

4. m= Vjl. 
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HM6116PI-2. HM6116PI-3, HM6116PI-4 
WRITE CYCLE (1) 



BE 



cS 



WE 



• WRITE CYCLE (2)' 



cs 



WE 



— ) 


l»c 

( ) 
















lc» 


S 




\v 






'////// 




lit 


— la 






WW 


\ > 


/ 




ID 

— lac — 


/////// 

- — to* — — 

0( 


ICH 

xxxx 



_x 



Ui.-«-i»> 



>>>>>>>>>>>>> 



(S) (7) 

mm 



NOTES 



1. A write occurs during the overlap (typ) of a low CS and a low WE. 
twR is measur 
of write cycle. 



2. t wr is measured from the earlier of C^or WE going high to the end 

3. During this period, I/O pins are in the output state so that the input 
signals ofopposite phase to the outputs must not be applied. 



4. If the C5~ low transition occurs simultaneously with the WE low 
transitions or after the Wl transition, output remain in a high im- 
pedance state. 

5. OE is continuously low. (OE~ = K/j,) 

6- D out is the same phase of write data of this write cycle. 

7. D jj, is the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116FP-2, HM6116FP-3r 
HM6116FP-A 



2048-word x 8-bit High Speed Static CMOS RAM 



IFEATURES 

i High Density Small-Sized Package 

i Projection Area Redueced to One-Thirds of Conventional DIP 
i Thickness Reduced to a Half of Conventional DIP 

► Single 5V Supply 

» High Speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

» Low Power Standby Standby: 100uW (typ.) 

» Low Power Operation; Operation: 180mW (typ.) 

► Completely Static RAM: No clock nor Timing Strobe Required 

► Directly TTL Compatible: All Input and Output 

► Equal Access and Cycle Time 
■FUNCTIONAL BLOCK DIAGRAM 



1/0,0- 




I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5' to +7.0 


V 


Operating Temperature 




to +70 


•c 


Storage Temperature 


T.„ 


-55 to +125 


*C 


Temperature Under Bias 


T,... 


-10 to +85 


'C 


Power Dissipation 


Pr 


1.0 


W 


« V,s min - -1.5V (Puis* Width S 50ns) 









ITRUTH TABLE 




IPIN ARRANGEMENT 




I Top V,<-w 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


Isb. IsB] 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle(l)—(3) 


L 


H 


L 


Write 


lec 


Din 


Write Cycled) 


L 


L 


L 


Write 


/cc 


Din 


Write Cycle (2) 
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HM61 1 6FP-2.HM61 1 6FP-3.HM61 1 6FP-4 

■RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70°C) 



Item 


Symbol 


min 


typ 


max 


1 

Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











v 


Input Voltage 


V a 


2.2 


3.5 


6.0 


V 


V,L 


-1.0* 




0.8 


V 


* Pols. Width ! 50l». DC: V, L min--0.3V 













■DC AND OPERATING CHARACTERISTICS ( V"cc = 5V±10%, GND-OV, 7a=0 to +70"C) 



Item 


Symbol 


Test Conditions 


HM6116FP 


-2 


HM6116FP-3/-4 


Unit 


min 


typ* 


max 


min 


typ" 


max 


Input Leakage Current 


\u,\ 


Vcc-5.5V, V.-GND to Vcc 






10 






10 


M 


Output Leakage Current 


\ho\ 


CS-V,, or OE-V,„ 
V //0 -GND to Vcc 






10 






10 


M A 


Operating Power Supply 
Current 


Ice 


CS-V/,., /,^-OmA 




40 


80 




35 


70 


mA 


Ice," 


V,„-3.5V, V„-0.6V. 
/to — 0mA 




35 






30 




mA 


Average Operating Current 


Icci 


Min. cycle, duty- 100% 




40 


80 




35 


70 


mA 


Standby Power Supply 
Current 


ISB 


CS- V,„ 




5 


15 




5 


15 


mA 


I SSI 


cs2V cc -o.2V, v.aVcc 

-0.2V or V.S0.2V 




0.02 


2 




0.02 


2 


mA 




Vol 


/ol — 4mA 






0.4 








V 


Output Voltage 


/ot-2.1mA 












0.4 


V 






lon~ — 1.0mA 


2.4 






2.4 






V 



* Vcc-5V. Ta-25-C 
** Reference Only 



■AC CHARACTERISTICS ( V C c = 5V±10%, Ta = to +70 e C) 
• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L - 100pF (including scope and jig) 

•READ CYCLE 



Item 


Symbol 


HM6116FP-2 


HM6116FP-3 


HM6116FP-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


luc 


120 




150 




200 




ns 


Address Access Time 


Iaa 




120 




150 




200 


ns 


Chip Select Access Time 


Iacs 




120 




150 




200 




ns 


Chip Selection to Output in Low Z 


tdZ 


10 




15 




15 




IU 


Output Enable to Output Valid 


toE 




80 




100 




120 


ns 


Output Enable to Output in Low Z 




10 




15 


15 




ns 


Chip Deselection to Output in High Z 


tcHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


tOK 


10 




15 




15 




ns 



HM61 1 6FP-2.HM61 1 6FP-3.HM61 1 6FP-4 



• WRITE CYCLE 



Item 


Symbol 


HM6116FP-2 


HM6116FP-3 


HM6116FP-4 


Unit 


min 


max 


min 


max 


min 


max 


Hfriia (',.,.] a Ti ma 

write oycie lime 


ttrc 


120 




150 




200 






( 'Vi in ^ala^t inn t n PnA nf Writs 

i^mp oeiecuon to cna 01 w rue 


tew 


tv 




90 




120 






A/lrlracc Valid in fTnsl nt Wpita 

rtaarcss vaiiu to cnu oi r» rue 




irtc 
IUd 




120 




140 






Address Set Up Time 


I A $ 


20 




20 




20 






WHr*> PnU*> Width 
i lie ruiac i* luin 


twp 


70 




90 




120 






Write Recovery "Time 




5 




10 




10 






Output Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Write to Output in High Z 


twHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


t D W 


35 




40 




60 




ns 


Data Hold from Write Time 


ton 


5 




10 




10 




ns 


Output Active from End of Write 


t ,„ 


5 




10 


_ 


10 




ns 



ICAPACITANCE (/-1MHz, Ta=25°C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 




Input Capacitance 




V..-0V 


3 


5 


pF 


Input/Output Capacitance 


Cm) 


Vw-OV 


5 


7 


pF 



Note) This parameter is sampled and not 100% tested. 

■ TIMING WAVEFORM 
• READ CYCLEO) " 



cs 



X 



nzzzzi 



zz 



• READ CYCLE (2)' 



• READ CYCLE(3)" ><3>(4> 

cs 



) 


Mf 

( 

i*A — 


) 


i 




ION — 

> 


<XXX) 


< ) 


< 



/ 



NOTES: 1. Wis High for Read Cycle. 

2. Device is continuously selected, C3"= Vj^. 

3. Add ress Valid prior to or coincident with ClTtrarisition Low. 

4. m= V IL . 
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HM61 1 6FP-2.HM61 1 6FP-3,HM61 1 6FP-4 



■ TIMING WAVEFORM 
• WRITE CYCLE (1) " 



' x 



m 



cs 



WE 



JL 7 



X 



, '////// 



X\XXk 



3: 



>»»>> ! 



(1) 



'■•(2) 




• WRITE CYCLE(2)< 



WE 



X 



3' 



V///// 



-ink 



NOTES: 1. A write occurs during the overlap Uwp) of a low C3~and a low WE. 

2. t\VR is measured from the earlier of CS or WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of o pposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high 
imp edance state. 

5. OE is continuously low. (OT7= VjjJ) 

6. D out is the same phase of write data of this write cycle. 

7. D u, is the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 



HITACHI 




ACCESS TIME ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 




4.5 4.75 5.0 5.25 5.5 20 40 60 80 

Supply Voll.ge Vcc (VI Ambienl Temper.turt 7i CO 
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HM6116CG-2, HM61 16CG-3, 
HM6116CG-4 



2048-word x 8-bit High Speed Static CMOS RAM 
■ FEATURES 

• Single 5V Supply and High Density 32 pin-Leadless-Chip Carrier 

• High speed. Fast Access Time 1 20ns/150ns/200ns (max.) 

• Low Power Standby and Standby: 100/iW(typ.) 
Low Power Operation Operation: 180mW(typ.) 

• Completely Static RAM: No Clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 



■ FUNCTIONAL BLOCK DIAGRAM 



A.O- 











OVcc 


\ 


Row 


• 


Ms mo M«ri. 


O GND 




Decoder 


• 


12SX128 















I/OiO- 



I/0.O- 




I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vr 


-0.5* to +7.0 


V 


Operating Temperature 


T.„ 


to +70 


•c 


Storage Temperature 


T.„ 


-65 to +150 


"C 


Power Dissipation 


Pt 


1.0 


w 




I PIN ARRANGEMENT 

At NC NC NC Vcf NC NC 

■A L 3 J li \i y y 



m 

At 

A. 
At 

NC 
l/Oi 



SC Ai 

At 

NC 

Eg] Si 



:« oe 



eg 



■"•< ri r-» o 
?* ;l& ;l 3« ;itt 



C5 



l/CI/OiGNUNCI/llil/Oil'tli 
(Top View) 



* Pulse Width 50ns ! 



I TRUTH TABLE 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


lsB, IsBl 


High Z 




L 


L 


H 


Read 


Ice 


pout 


Read Cycle (IMS) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle 12) 
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HM61 1 6CG-2.HM61 1 6CG-3.HM61 1 6CG-4 

■ RECOMMENDED DC OPERATING CONDITIONS (7a = to +70C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


CND 











V 


Input Voltage 


V„ 


2.2 


3.5 


6.0 


V 


Yn 


. 

-1.0* 




0.8 


V 



* Pulse Width 1 50ns. DC \ V,l min- -0.3V 



■DC AND OPERATING CHARACTERISTICS (V CC = 5V±10%, GND-0V, Ta-0 to + 70°C) 



Item 


Symbol 


Test Conditions 


HM6116CG-2 


HM6116CG-3/-4 


Unit 


min 


lyp* 


max 


min 


typ* 


max 


Input Leakage Current 


Uul 


Kcc-5.5V, V..-GND to Vcc 






10 






10 


„A 


Output Leakage Current 


\Uo\ 


CS-V,» or OE-V,„, 

V/n-GND to Vcc 






10 






10 


„A 


Operating Power Supply 
Current 




CS-V/l, i^-OmA 




40 


80 




35 


70 


mA 


1c CI 


K„- 3.5V, V, t -0.6V. 
7/^-OmA 




35 






30 




mA 


Average Operating Current 


lea 


Min. cycle, duty — 100% 




40 


80 




35 


70 


mA 


Standby Power Supply 
Current 




cs-v,« 




5 


15 




5 


15 


mA 


IsBl 


CS^ Vcc —0.2V. V.isVcc 
-0.2V or K.S0.2V 




0.02 


2 




0.02 


2 


mA 




Vol 


/ ui .-4mA 






0.4 








V 


Output Voltage 


h, =2. 1mA 












0.4 


V 




VoH 


I oh 1.0mA 


2.4 






2.4 






V 



* Vcc-5V. To-25*C 
** Reference Only 



■AC CHARACTERISTICS (Vcc-5V±10%, To-0 to +70-C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L = 100pF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116CG-2 


HM6116CG-3 


HM6116CG-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


Irc 


120 




150 




200 




ns 


Address Access Time 






120 




150 




200 


ns 


Chip Select Access Time 


tACS 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


taz 


10 




15 




15 




ns 


Output Enable to Output Valid 


toE 




80 




100 




120 


ns 


Output Enable to Output in Low Z 


i0LZ 


10 




15 




15 




ns 


Chip Deselection to Output in High Z 


tcHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Output Hold from Address Change 




10 




15 




15 




ns 
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HM61 1 6CG-2.HM61 1 6CG-3.HM61 1 6CG-4 
• WRITE CYCLE 



Item 


Symbol 


HM6116CG-2 


HM6116CG-3 


HM6116CG-4 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


120 




150 




200 




ns 


Chip detection to fc-nd or Write 


tew 


70 




90 


_ 


120 




IIS 


Address Valid to End of Write 


tAW 


105 




120 




140 




ns 


Address Set Up Time 


tAS 


20 




20 




20 




ns 


Write Pulse Width 


twp 


70 




90 




120 




ns 


Write Recovery Time 


twR 


5 




10 




10 




ns 


Output Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Write to Output in High Z 


twH 2 





50 





60 





60 




Data to Write Time Overlap 


tow 


35 




40 




60 




ns 


Data Hold from Write Time 


tDH 


5 




10 




10 




ns 


Output Active from End of Write 


lew 


5 




10 




10 




ns 



ICAPACITANCE (/-1MHz, Ta=25°C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


VI.-0V 


3 


5 


pF 


Input/Output Capacitance 


Cl/O 


Vm,-0V 


5 


7 


pF 



■TIMING WAVEFORM 
• READ CYCLE (1)'" 



X 



X 



\\\\\\\\ 



C3 



2Z 



• READ CYCLE (2) (,) 



x 



X 



• READ CYCLE(3) OK3><4) 

cs 



"*¥ 1 



— 




NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS~= V IL . 

3. Address Valid prior to or coincident with UTtransition Low. 

4. OF= V IL . 
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HM61 1 6CG-2.HM61 1 6CG-3,HM61 1 6CG-4 



WRITE CYCLE M)' 



X 



C3 



We 



7Z7 



XX 



X 



XXXXXfc /////// 



XXXXX 

(4) 



(2) 



Din 



• WRITE CYCLE(2)' 



cs 



WE 



l.«(3) 



— Ms— ^ 



))))))))))))* 



[3] 



1»«(2) 



V///// 



C6) 



NOTES: 



1. A write occurs during the overlap (t WP ) of a low CS and a low WE. 

2. f is measured from the earlier of CSor WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CS" low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. T5Fis continuously low. (0~E~= Vji) 

6. D out is the same phase of write data of this write cycle. 

7. Dpy, is the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116L-2, HM6116L-3, 
HM6116L-4 



2048- word < 8-bit High Speed Static CMOS RAM 
■ FEATURES 

• Single 5V Supply and High Density 24 Pin Package 

• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
Low Power Standby and Standby: 20/uW (typ.) 

• Low Power Operation; Operation: 160mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 



■ FUNCTIONAL BLOCK DIAGRAM 




■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5* to +7.0 


V 


Operating Temperature 


T„, 


to +70 


•c 


Storage Temperature 


T... 


-65 to +150 


•c 


Temperature Under Bias 


r.... 


-10 to +85 


•c 


Power Dissipation 


Pr 


1.0 


w 



* Puis* W.dlh 50ns : -1.5V 



■ TRUTH TABLE 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


I sb, I sa i 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle (1)~(3) 


L 


H 


L 


Write 


lc. 


Din 


Write Cycle 111 


L 


L 


L 


Write 


Uc 


Din 


Write Cycle (2) 





HM61 1 6L-2.HM61 1 6L-3.HM61 1 6L-4 

■ RECOMMENDED DC OPERATING CONDITIONS (7a = to +70"C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


■ 

Input Voltage 


Vim 


2.2 


3.5 


6.0 


V 


V,L 


-1.0* 




0.8 


V 



* Poise Width :50ns. DC : Vil min - -0.3V 



■ DC AND OPERATING CHARACTERISTICS (Vcc-5V ±10%, GND = 0V, Ta = to + 70*C) 



Item 


Symbol 


Test Conditions 


HM6116L/P-2 


HM6116L/P-3/-4 


Unit 


min 


typ* 


max 


min 


typ' 


max 


Input Leakage Current 


1 lu 1 


Vcc-5.5V, V..-GND to Vcc 






2 






2 


M 


Output Leakage Current 


1 Ilo 1 


CS-V,» or OE-Vih, 
Wo -GND to Vcc 






2 






2 


MA 


Operating Power Supply 
Current 




CS-Vil, /^o-0mA 




35 


70 




30 


60 


mA 




V/»-3.5V, V/t-0.6V. 
/, o-OmA 




30 






25 




mA 


Average Operating Current 


Ice 1 


min. cycle, duty -100% 




35 


70 




30 


60 


mA 


Standby Power Supply 
Current 


I SB 


CS-Vm 




4 


12 




4 


12 


mA 


I SB 1 


esavee -0.2V. v..avcc - 

0.2V or V..S0.2V 




4 


100 




4 


100 


MA 




Vol 


lo: — 4mA 






0.4 








V 


Output Voltage 


i t-2.1mA 












0.4 




Voh 


/o»--1.0mA 


2.4 






2.4 






V 



* : Vcc-W. Tm-ttC 

* * : Reference Only 



■ AC CHARACTERISTICS (Vcc- 5V ±10%, Ta-0 to +70'C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L = 100pF (including scope and jig) 

•READ CYCLE 



Item 


Symbol 


HM6116L-2 


HM61V6L-3 


HM6116L-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


l«c 


120 




150 




200 




ns 


Address Access Time 






120 




150 




200 


ns 


Chip Select Access Time 


lACS 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


tCLZ 


10 




15 




15 




ns 


Output Enable to Output Valid 


lot 




80 




100 




120 


ns 


Output Enable to Output in Low Z 


toLZ 


10 




15 




15 




ns 


Chip deselection to Output in High Z 


tcHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


t OH Z 





40 





50 





60 


ns 


Output Hold from Address Change 


t OH 


10 




15 




15 




ns 
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HM61 1 6L-2.HM61 1 6L-3,HM61 1 6L-4 
• WRITE CYCLE 



Item 


Symbol 


HM6116L-2 


HM6116L-3 


HM6116L-4 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


120 


— 


150 


- 


200 




ns 


Chip Selection to End of Write 


tew 


70 


— 


90 


— 


120 


— 


ns 


Address Valid to End of Write 


I AW 


105 


— 


120 


— 


140 


— 


ns 


Address Set Up Time 


tAS 


20 


— 


20 


— 


20 


— 


ns 


Write Pulse Width 


twp 


70 




90 




120 




ns 


Write Kecovery 1 lme 


twit 


5 




10 




10 




ns 


Output Disable to Output in High Z 


torn 





40 





50 





60 


ns 


Write to Output in High Z 


t WHZ 





SO 





60 





60 


ns 


Data to Write Time Overlap 


tan 


35 




40 




60 




ns 


Data Hold from Write Time 


ton 


5 




10 




10 




ns 


Output Active from End of Write 


tow 


5 




10 




10 


1 1 


ns 





ICAPACITANCE (/-1MHz, To-25'C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


V..-0V 


3 


5 


pF 


Input/Output Capacitance 


Co 


V;,o-0V 


5 


7 

1 


pF 



Note) This parameter is sampled and not 100% tested. 

■ TIMING WAVEFORM 
• Read Cycle (1) <" 



*ddr. 



cs 



UZZZZl 



ITZZZIL 



• Read Cycle (2) 



< I >» (2 ), (4 ) 



X 



• Read Cycle (3) 



(I >, (3>, <4> 



X 



NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vj L . 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE = V IL . 
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HM61 1 6L-2.HM61 1 6L-3.HM61 1 6L-4 



• Write Cycle (1) 



Add,... ) ( 



m 



7Zf 



WE 



/////// 



777777^ 



y 



tow — torn- 



• Write Cycle (2) 



cs 



WE 



Doo. 



-J 


— 1» c 

< > 


( 




rlc* 




Hr.Cfi 


W 




,: -J. 

— f« 


V 


V/7/7/ 


\\\ 


>^ 


J BTlO ) 

\ 7 


t 




SASSSS v 


\\\ 






fDN 

< 





NOTES: 1. A write occurs d urin g the overlap Uwp) of a 
low CS and a low WE. 

2. f n//? is measured from the earlier of CS or WE 
going high to the end of write cycle. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase _to_the outputs must not be applied. 

4. If the CS low transition occurs simultaneously 
with the WE low transitions, or after the WE 



transition, output remain in a high impedance 
Mate. 

5. OE is continuously low. (OE =V IL ) 

6. D out is the same phase of write data of this 
write cycle. 

7. Dqut is the read data of next address. 

8. If CS is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 



I LOW Vcc DATA RETENTION CHARACTERISTICS (Ta-0 to +70'C ) 



Item 


Symbol 


Test Conditions 


m in 


typ 


max 


Unit 


Vcc for Data Retention 


V., 


CSS Vcc -0.2V, V,.SVcc -0.2V or V..S0.2V 


2.0 






V 


Data Retention Current 


ICCDH* 


Vcc-3.0V, CSS2.8V, V,.22.8Vor V..S0.2V 






50 


M 


Chip Deselect to Data Retention Time 


iCDK 


See Retention Waveform 









ns 


Operation Recovery Time 


lr. 


lac" 






ns 



* V„.--0.3V min. 

* « l.c-Read Cycle Time. 

• Low Vcc Data Retention Waveform 




D.U Retention Mode 
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HM61 1 6L-2.HM61 1 6L-3.HM61 1 6L-4 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



=5 u 



4.75 5.0 5.25 

pp], Voltage Vcc (V) 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



tn 0.6 



5.5 









Vcc = 5.0V 











































20 40 60 80 

Ambient Temperature To CO 



ACCESS TIME vs. 
SUPPLY VOLTAGE 









7a = 25'C 











































'5 5.0 5.25 

Supply Voltaje Vcc (V) 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 



| 

H 0.9 
I 

0.8 









Vcc = 5.0V 















































Ambient Ten.er.tur. 1 



ACCESS TIME vs. 
LOAD CAPACITANCE 



LY CURRENT vs. 
FREQUENCY 

































Ta = 25'C 
l<cc = MIN 



















"8 

| ^ 

<3 

». 0.9 



100 200 300 400 

Load Capacitance Ci (pF) 



4 6 
Frequency / (MHz) 



128 



HITACHI 



HM61 1 6L-2.HM61 1 6L-3.HM61 1 6L-4 
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HM61 1 6L-2.HM61 1 6L-3.HM61 1 6L-4 
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HM6116LI-2, HM6116LI-3, 

HIVI6116LI-4 Wide Operating Temperature Range 



2048- word x 8-bit High Speed Static CMOS RAM 
■ FEATURES 

• Wide Operating Temperature Range — 40~+85 C 

• Single 5V Supply and High Density 24 Pin Package 

• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby and Standby: 20juW (typ.) 
Low Power Operation; Operation: 1 60m W (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 



■ FUNCTIONAL BLOCK DIAGRAM 




■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5* to +7.0 


V 


Operating Temperature 


TV 


-40 to +85 


"C 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Power Dissipation 


Pt 


1.0 


w 


* Pulse Width 50ns '. - 15 V 










(DG-24' 



■ PIN ARRANGEMENT 



A 'LT v ~ 


J 1 




■>3 | A. 


,[T 


22 | As 


A. [T 


21 | "WE 


Aj [Tj 


21) | "OE 


Ai £Tj 


19 | Ai. 


A, E 


18 | CS 


A« | « 


it | it a. 


I'Oipr 


16 | Uti, 


i/o, Q7 


15 | 1, Qi 




M |[/Ps 


GND Q7 


13 | I/O. 



(Top Vie*' 
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HM6116LI-2, HM6116LI-3, HM6116LI-4- 
■ TRUTH TABLE 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


I SB, I SB 1 


High Z 




L 


L 


H 


Read 


Ice 


Doot 


Read Cycle f 11-131 


L 


H 


L 


Write 


let 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle (21 



I RECOMMENDED DC OPERATING CONDITIONS fTa = 



-40 to +85"C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


C.ND 











V 


Input Voltage 


V,H 


2.2 


3.5 


6.0 


V 




-1.0* 




0.8 


V 



• Pulje W,dth:50n.. DC: V, L Bin - -0.3V 

■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V ±10%, GND=0V, Ta=-i0 to +85*C) 



Item 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


1 lu 1 


Vcc -5.5V, V..-GND to Vcc 






2 


M 


Output Leakage Current 


1 ho 1 


CS = Vih or OE - V,k. 
V, .o-CND to Vcc 






2 


M 


Operating Power Supply 
Current 


Ice 


CS-V, t . /,,„-0mA 




35 


90 


mA 


Iee<" 


V/«-3.5V. V,i-0.6V, 

/;.o-0mA 




30 




mA 


Average Operating Current 


I CC I 


min. cycle, duty -100% 




35 


90 


mA 


Standby Power Supply 
Current 


I SB 


CS-V,„ 




4 


20 


mA 


I SB 1 


CSS Vcr -0.2V. 

V.. £ Vcc - 0.2V or V..S0.2V 




4 


200 


M 


Output Voltage 


Vol 


/c.L-2.1mA 






0.4 


V 


VoH 


I ok- -1.0mA 


2.4 






V 



* : Vct-5V. 7a-25'C * « : Reference Only 

■ AC CHARACTERISTICS (Vcc = 5V ±10%, Ta= -40 to +85"C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and C L - lOOpF (including scope and jig) 

•READ CYCLE 





Item 


Symbol 


HM6116LI-2 


HM611'6LI-3 


HM6116LI-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


t RC 


120 




150 




200 




ns 


Address Access Time 


Iaa 




120 




150 




200 


ns 


Chip Select Access Time 


I ACS 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


ten 


10 




10 




10 




ns 


Output Enable to Output Valid 


toE 




80 




100 




120 


ns 


Output Enable to Output in Low Z 


toLZ 


10 




10 




10 




ns 


Chip deselection to Output in High Z 


tcKZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 







40 





50 





60 


ns 


Output Hold from Address Change 


toK 


10 




10 




10 




ns 
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HM6116LI-2, HM6116LI-3, HM6116LI-4 



• WRITE CYCLE 



Item 


Symbol 


HM6116LI-2 


HM6116L1-3 


HM6116LI-4 


Unit 


m in 


max 


min 


max 


min 


max 


Write Cycle Time 


lire 


120 


- 


150 


— 


200 


- 


ns 


Chip Selection to End of Write 


I » 


70 


- 


90 


- 


120 


— 


ns 


Address Valid to End of Write 


I ,» 


105 


— 


120 


— 


140 


— 


ns 


Address Set Up Time 


1 AS 


20 


— 


20 


— 


20 


— 


ns 


Write Pulse Width 


twp 


70 




90 




120 




ns 


Write Recovery Time 


t WK 


5 




10 




10 




ns 


Output Disable to Output in High Z 


tout 





40 





50 





60 


ns 


Write to Output in High Z 


twHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


t DW 


35 




40 




60 




ns 


Data Hold from Write Time 


Ion 


5 




10 




10 




ns 


Output Active from End of Write 


t fiw 


5 




10 




10 




ns 



ICAPACITANCE (/-1MHz, r a -25"C ) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


V..-0Y 


3 


5 


pF 


Input/Output Capacitance 


C, „ 


V, o-0V 


5 


7 


pF 



Note) This parameter is sampled and not 100% 

■ TIMING WAVEFORM 

• Read Cycle (1) '"' (s> 



\\\\\\\\ 



Si 



IZZZLL 



mzzzL 



• Read Cycle (2) 



( I ), (2 ), (4 > 



) 


— !»( — 

< ) 

tAA H 


( 




U tnm — 

> 


<XXX> 


< ) 


< 



-Read Cycle (3) '"' l3>> l " 
cs ' 




NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vj L . 

3. Address Valid prior-to or coincident with CS transition Low. 

4. OE = V, L . 
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HM6116LI-2, HM6116LI-3, HM6116LI-4- 
• Write Cycle (1) 



7Z7 



\////// 



7 7 77777 



• Write Cycle (2) 

Address 



hr«C2] 



//./// 



— fWNZ — I L 



l»»C2j 




(6} C7) 



h (ei 



eg 



NOTES: I. A write occurs during the overlap (tyjp) of a 
low CS and a low WE. 

2. f jj/fl is measured from the earlier of CS or WE 
going high to the end of write cycle. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase _to_the outputs must not be applied. 

4. If the CS low transition occurs simultaneo usly 
with the WE low transitions or after the WE 



transition, output remain in a high impedance 
state. 

5. OE is continuously low. (OE = V 1L ) 

6. D out is the same phase of write data of this 
write cycle. 

7. D out is the read data of next address. 

8. If CS is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 

LOW Vcc DATA RETENTION CHARACTERISTICS (Ta= -40 to +85C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Vcc for Data Retention 


Vo, 


CSS Vcc -0.2V, V.. 2 Vcc -0.2V or V..S0.2V 


2.0 






V 


Data Retention Current 


IcCDR* 


Vcc -3.0V. CSS2.8V. 

V.. 22.8V or -0. 3 VS V.. 50.2V 






100 


M 


Chip Deselect to Data Retention Time 


i C DM 


See Retention Waveform 









ns 


Operation Recovery Time 


h 


t.c" 






ns 



* V„--0.3V min. ** l»r-Re»d Cyclt Time. 

• Low Vcc Data Retention Waveform 




Data Retention Mode 



tm 

CSi Vo«-0.2V 
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HM6116LP-2, HM6116LP-3, 
HM6116LP-4 



2048- word x 8-bit High Speed Static CMOS RAM 
■ FEATURES 

• Single 5V Supply and High Density 24 Pin Package 

• High Speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: 10/iW (typ.) 
Low Power Operation; Operation: 160mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 



■ FUNCTIONAL BLOCK DIAGRAM 

A.O- 



O Vcc 




I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5* to +7.0 


V 


Operating Temperature 


T.„ 


to +70 


■c 


Storage Temperature 


T.„ 


-55 to +125 


•c 


Temperature Under Bias 


r.... 


-10 to +85 


"C 


Power Dissipation 


Pr 


1.0 


w 


* Pul»e Widtk 50ns : -1.5V 









I TRUTH TABLE 




I PIN ARRANGEMENT 



A: [~T 

*.rr 

Ai £Tj 
A. 

As 

ai rjTj 

a, I^T 

A. [T 

i/o, [T 
i/o. 

i/o. [TT 

CNDfrT 



"!♦] Vcc 

23 | A. 
~Z2~\ At 
21 [ ~WE 

20 | ~0E 
19 | Ai. 
18 | "CS 
17 | l/Qj 
16 | I/O, 
15 | I/O, 
U 1 1/0> 
13 | I/O. 



(Top Vi«w) 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


Isg, Ism i 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle ( 1 ) — (3) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle ll 


L 


L 


L 


Write 


Ice 


U,r, 


Write Cycle (2) 
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HM61 1 6LP-2.HM61 1 6LP-3.HM61 1 6LP-4 

■ RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to + 70*0 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 


3.5 


6.0 


V 




-!.«• 


— 


0.8 


V 



» Puis. Width : SOnj. DC : V,l >in - 0.3V 



■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V ±10%, GND-0V, Ta-0 to +70"C) 



Item 


Symbol 


Test Conditions 


HM6116LP 


-2 


HM6116LP-3/-4 


Unit 


min 


typ* 


max 


min 


typ* 


max 


Input Leakage Current 


1 fa 1 


Vcc-5.5V, V.. -GND to Vcc 






2 






2 


M 


Output Leakage Current 


1 IlO 1 


CS- V,„ or OE-V,„, 
V, o-GND to Vcc 






2 






2 


M 


Operating Power Supply 
Current 


he 


CS- V, L . I, o-OmA 




35 


70 




30 


60 


mA 


Ice," 


V,»-3.5V, V,c-0.6V, 
// o-0mA 




30 






25 




mA 


Average Operating Current 


Ice 1 




min. cycle, duty - 100% 




35 


70 




30 


60 


mA 


Standby Power Supply 
Current 


Is, 


CS = Vih 




4 


12 




4 


12 


mA 


Is., 


CSS Vcc -0.2V. V..2 Vcc - 
0.2V or V..S0.2V 




2 


50 




2 


50 


M 




Vol 


/ c-4mA 






0.4 








V 


Output Voltage 


7oc-2.1mA 












0.4 




V„H 


I cm 1.0mA 


2.4 






2.4 






V 



* : Va -5V. ro-25*c 

* * : Reference Only 



■ AC CHARACTERISTICS (V«-5V ±10%, Ta-0 to +70*C ) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L = 100pF (including scope and jig) 



•READ CYCLE 



Item 


Symbol 


HM6116LP-2 


HM6116LP-3 


HM6116LP-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


l.c 


120 




150 




200 




ns 


Address Access Time 


Iaa 




120 




150 




200 


ns 


Chip Select Access Time 


lACt 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


tciz 


10 




15 




15 




ns 


Output Enable to Output Valid 


lilt 




80 




100 




120 


ns 


Output Enable to Output in Low Z 


toLl 


10 




15 




15 







Chip Deselection to Output in High Z 


tCHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


tout 





40 





50 





60 


ns 


Output Hold from Address Change 


ten 


10 




15 




15 




ns 



HM61 1 6LP-2.HM61 1 6LP-3.HM61 1 6LP-4 

• WRITE CYCLE 



Item 


Symbol 


HM6116LP-2 


HM6116LP-3 


HM6116LP-4 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


tew 


70 


— 


90 


- 


120 


- 


ns 


Address Valid to End of Write 


t*w 


105 


- 


120 


- 


140 


- 


ns 


Address Set Up Time 


l>s 


20 


- 


20 


- 


20 


- 


ns 


Write Pulse Width 


twp 


70 




90 




120 




ns 


Write Recovery Time 


twn 


5 




10 




10 




ns 


Output Disable to Output in High Z 


t OHZ 





40 





50 





60 


ns 


Write to Output in High Z 


twHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


I DW 


35 




40 




60 




ns 


Data Hold from Write Time 


t DH 


5 




10 




10 




ns 


Output Active from End of Write 


tow 


5 




10 




10 




ns 



■ CAPACITANCE (/-1MHz, Ta-25'C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


c. 


V..-0V 


3 


5 


PF 


Input/Output Capacitance 


Cl a 


V, o -0V 


5 


7 


pF 



Note) This parameter is sampled and not 100% tested. 



■ TIMING WAVEFORM 
• Read Cycle (1) 



Vldrf» 



> 


( 


)( 






/ 




wwww 


////// 




lot: — 

flif.X — — 




7// 


7/ 




It i x ST — 7\ 




UlHZ- 

lew/ — 




w 


< ? 





• Read Cycle (2) 



Address 



) 


IK 

< 

1, A 


) 


( 






(XXX) 


It X 



• Read Cycle (3) 



cs 



Uoui 




NOTES: U WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vj^. 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE = V IL . 
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HM61 1 6LP-2.HM61 1 6LP-3.HM61 1 6LP-4 
• Write Cycle (1) 



7L 7 



a 



/////// 



. JiLi 



!..(!) 



• Write Cycle (2) 



Ada™.. ^)( 



WE 



nznmz 



!7 



»>»»»») > 



. l"J l/J 



in — — low- 



NOTES: 1. A write occurs during the overlap Uii//>) of a 
low CS and a low WE. 

2. is measured from the earlier of CS or WE 
going high to the end of write cycle. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneo usly 
with the WE low transitions or after the WE 



transition, output remain in a high impedance 
state. 

5. OE is continuously low. (OE = V/^) 

6. D out is the same phase of write data of this 
write cycle. 

7. Pout is the read data of next address. 

8. If CS is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 



I LOW Vcc DATA RETENTION CHARACTERISTICS (Ta-0 to + 70"C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Vcc for Data Retention 


Vd, 


CSiVcc -0.2V, V,.iVcc -0.2V or V..S0.2V 


2.0 






V 


Data Retention Current 


IcCDtl* 


Vcc-3.0V, CSS2.8V, V,.a2.8VorV,.S0.2V 






30 


M 


Chip Deselect to Data Retention Time 


ICOR 


See Retention Waveform 









ns 


Operation Recovery Time 


la 


tuc" 






ns 



-0.3V 

* * I.i -Read Cycle Time. 

• Low Vcc Data Retention Waveform 




D»u Retention I 
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HM61 1 6LP-2,HM61 1 6LP-3.HM61 1 6LP-4 






HITACHI 
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HM61 1 6LP-2.HM61 1 6LP-3.HM61 1 6LP-4 



LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 









ra = 25'C 











































4.75 5.0 5.25 

Suppl, Voltlje Krc (V) 



HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 



| 

i 

| 









7o = 25X: 











































Supply Volt.ge Vcc (Vl 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



1 1.2 

i 



~ 0.8 

3 









T« = 25'C 
Vcc = SV 


\ 









































2 3 4 

Output Volltje Von (V) 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



I 1.2 
i 



! 0.8 

































To=2S'C 
Vcc = 5V 



















0.2 0.4 0.6 

Output Volute Vol (V) 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 









Vcc = 3V 
CS=2-8V 



















20 40 60 

Ambient Temperature To CO 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 



i ,.o 
i 







































7 

< 


.=25'L 
S=Vrt-u.2V 











Supplj Volute Vcc (V) 
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HM61 1 6LP-2.HM61 1 6LP-3.HM61 1 6LP-4 

STANDBY CURRENT vs. 
INPUT VOLTAGE 



10 



8 



6 



2 













7« = 

Vcc 


25"C 
= 5.0V 
4.8V 































































3 




6 



Input Vollige r,. (VI 
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HM6116LPI-2, HM6116LPI-3, 
HM6116LPI-4 



Wide Operating Temperature Range 



2048- word x 8-bit High Speed Static CMOS RAM 



FEATURES 

Wide Operating Temperature Range — 40~+85 C 

Single 5V Supply and High Density 24 Pin Package 

High Speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

Low Power Standby and Standby: 10+iW (typ.) 

Low Power Operation; Operation: 1 60m W (typ.) 

Completely Static RAM: No clock nor Timing Strobe Required 

Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 

Equal Access and Cycle Time 

Capability of Battery Back up Operation 



I FUNCTIONAL BLOCK DIAGRAM 





I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


V, 


-0.5" to +7.0 


V 


Operating Temperature 


T.„ 


-40 to +85 


•c 


Storage Temperature 


T„. 


-55 to +125 


•c 


Power Dissipation 


Pt 


1.0 


W 



I PIN ARRANGEMENT 




(Top Vie») 



« Puis* Width 50ns : -1.5V 
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HM61 1 6LPI-2.HM61 1 6LPI-3.HM61 1 6LPI-4 

■ TRUTH TABLE 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


x 


x 


Not Selected 


I SB, I SB 1 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Re.d Cycle (DH31 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle (2) 



■ RECOMMENDED DC OPERATING CONDITIONS (To- -40 to +85'C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V,H 


2.2 


3.5 


6.0 


V 


V,L 


- 1.0* 




0.8 


V 



• Pulst Width : 50ns. DC : V/l min - -0.3V 



■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V ±10%, GND-0V, 7a--40 to +85'C) 



Item 


Symbol 


, 

Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


1 lu 1 


Vcc -5.5V, V..-GND to Vcc 






2 


M 


Output Leakage Current 


1 Uo 1 


CS-V,„ or OE-V,«. V, o — GND to Vcc 






2 


M 


Operating Power Supply 


Ice 


CS— Vic, /, o-OmA 




35 


90 


mA 


Current 


he," 


V,„-3.5V, V,c-0.6V, /. u -0mA 




30 




mA 


Average Operating Current 


IcC 2 


min. cycle, duty — 100% 




35 


90 


mA 


Standby Power Supply 


I SB 


CS - V,h 




4 


20 


mA 


Current 


I SB 1 


CSZVcc -0.2V, V..2Vcc -0.2V or V..S0.2V 




2 


100 


MA 


Output Voltage 


Vol 


/oi-2.1mA 






0.4 


V 


VoB 


Ion - -1.0mA 


2.4 






V 



* : Vcc-sv, r«-25*c 

* * : Reference Only 



■ AC CHARACTERISTICS (Vcc = 5V +10%, Ta — 40 to +85 - C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L ■ 100pF (including scope and jig) 



•READ CYCLE 



Item 


Symbol 


HM6116LPI-2 


HM6116LPI-3 


HM6116LPI-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


/ »c 


120 




150 




200 




ns 


Address Access Time 






120 




150 




200 


ns 


Chip Select Access Time 


tACS 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


ICLZ 


10 




10 




10 




ns 


Output Enable to Output Valid 


I OE 




80 




100 




120 


ns 


Output Enable to Output in Low Z 


toLl 


10 




10 




10 




ns 


Chip Deselection to Output in High Z 


ICH2 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


loHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


toti 


10 




10 




10 




ns 
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HM61 1 6LPI-2.HM61 1 6LPI-3.HM61 1 6LPI-4 
• WRITE CYCLE 



Item 


Symbol 


HM6116LPI-2 


HM6116LPI-3 


HM6116LPI-4 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


Iwc 


120 




150 


— 


200 


— 


ns 


Chip Selection to End of Write 


tew 


70 


— 


90 


- 


120 


— 


ns 


Address Valid to End of Write 


t AW 


105 


— 


120 


— 


140 


— 


ns 


Address Set Up Time 


Ia 5 


20 


— 


20 


— 


20 


— 


ns 


Write Pulse Width 


iwp 


70 




90 




120 




ns 


Write Recovery Time 


tw/t 


5 




10 




10 




ns 


Output Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Write to Output in High Z 


tWHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


tow 


35 




40 




60 




ns 


Data Hold from Write Time 


Id« 


5 




10 




10 




ns 


Output Active from End of Write 


tow 


5 




10 




10 




ns 



ICAPACITANCE (/-1MHz, 7a-25*C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


V..-0V 


3 


5 


pF 


Input/Output Capacitance 




Wo-QV 


5 


7 


pF 



Note) This parameter is sampled and not 100% 

■ TIMING WAVEFORM 
• Read Cycle (1) <" 



xzzzm 



nzzzn. 



• Read Cycle (2) 



( I ), (I), 141 



—K 



XEEXX 



X 



• Read Cycle (3) ">><»>•<" 



f 



NOTES: I, WE is High for Read Cycle. 

2. Device is continuously selected, CS = V IL . 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE = V, L . 
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HM61 1 6LPI-2, HM61 1 6LPI-3, HM61 1 6LPI-4 



• Write Cycle (1) 



• Write Cycle (2) 
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NOTES: 1. A write occurs during the overlap (twp) of a 
low CS and a low WE. 

2. t jjifl is measured from the earlier of CS or WE 
going high to the end of write cycle. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase to_ the outputs must not be applied. 

4. If the CS low transition occurs simultaneo usly 
with the WE low transitions or after the WE 



transition, output remain in a high impedance 
state. 

5. OE is continuously low. (OE = V {L ) 

6. D out is the same phase of write data of this 
write cycle. 

7. Don. is ,he read data of next address. 

8. If CS is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 



ILOW Vcc DATA RETENTION CHARACTERISTICS (Ta= -40 to +85'C) 



Item 


Symbol 


Test Conditions 


m in 


lyp 


max 


Unit 


Vcc for Data Retention 


Vo. 


CSiVcc -0.2V, V„iVcc -0.2V or V..S0.2V 


2.0 






V 


Data Retention Current 


Iccot' 


Vcc -3.0V, CS22.8V, 

V.. 22.8V or-0.3VS V..S0.2V 






50 


PA 


Chip Deselect to Data Retention Time 


tcOK 


See Retention Waveform 









ns 


Operation Recovery Time 


I 1 


l«c" 






ns 



» 10/-A max .1 7-o--«rC to +40C V,! min--0.3V 
** /«, -Reed Cycle Time. 

• Low Vcc Data Retention Waveform 



ci- 




Ekta Retention Mode 



In 

C5i V»«-0.2V 
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HM61 16LFP-2, HM61 16LFP-3, — 
HM6116LFP-4 

2048-word x 8-bit High Speed Static CMOS RAM 
■FEATURES 

• High Density Small-sized Package 

• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply 

• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby and Standby: 10jzW (typ.) 
Low Power Operation; Operation: 160mW (typ.) 

• Completely Static RAM: No Clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

■FUNCTIONAL BLOCK DIAGRAM 





IPIN ARRANGEMENT 

■v 



A7 [jT 

■EE 
■H 

A, [V 
A, [JJ 
Ai [Tj 

A,fT 

»|T 

i/o, [T^ 
i/o. QJT 
i/oj QT 

CND LI 



17] Vcc 
23 | Ai 



A* 
WE 



19 | Ai. 

18 | ciT 

17 | I/Oi 

16 [ I/O, 

15 | l/Os 



17] 1/0. 



(Top View) 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vr 


-0.5'to +7.0 


V 


Operating Temperature 


T.„ 


to +70 


•c 


Storage Temperature 


T.„ 


-55 to +125 


•c 


Temperature Under Bias 


T>... 


-10 to +85 


•c 


Power Dissipation 


Pr 


1.0 


w 



« V,„ mm- -l.SV(PulM Width S 50ns ) 
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HM61 1 6LFP-2.HM61 1 6LFP-3.HM61 1 6LFP-4 



■TRUTH TABLE 



CS~ 


OF. 


WE 


Mode 


Ycc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


Isb, I sb: 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle (1)~(3) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle ID 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle I2I 



■RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70'C) 





Item 




Symbol 




typ 


max 


Unit 


Supply Voltage 







Vce 


4.5 


5.0 


5.5 


V 






GND 











V 


Input Voltage 






V,H 


2.2 


3.5 


6.0 


V 






Vn 


-1.0* 




0.8 


V 



» Pui»e Width : 50ns. DC : V.i min- -0.3V. 



■DC AND OPERATING CHARACTERISTICS (Vcc-5V±10%, GND-0V, Ta-0 to +70"C) 





Symbol 


Test Conditions 


HM6116LFP-2 


HM6U6LFP-3/-4 


Unit 


Item 


min 


typ* 


max 


min 


typ* 


max 


Input Leakage Current 


1 h, 1 


Ccc-S.SV, V..-GND to Vcc 






2 






2 


M 


Output Leakage Currnnt 


1 ho 1 


CS- VtH or OE- V,h. 
V, ,,-GND to Vcc 






2 






2 


/iA 


Operating Power Supply 
Current 


Ice 


CS-V/t, /; „-0mA 




35 


70 




30 


60 


mA 


/cci ** 


K.-3.5V, IV-0.6V. 
1 1 o = 0mA 




30 






25 




mA 


Average Operating Current 


IeCi 


Min cycle, duty-100% 




35 


70 




30 


60 


mA 


Standby Power Supply 
Current 


Isb 


CS-V,„ 




4 


12 




4 


12 


mA 


Is SI 


CS2Vrr-0.2V. V„2\'ee 

-0.2V or V..S0.2V 




2 


50 




2 


50 


/iA 




Vol 


lot ~ 4mA 






0.4 








V 


Output Voltage 


/r,/.-2.1mA 












0.4 




VoH 


/„„--!. 0mA 


2.4 






2.4 






V 



» : VccSV. T..-25T 
* * : Reference Only 



■AC CHARACTERISTICS (Vcc-5V±10%, Ta-0 to +70"C) 
• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L ~ 100pF (including scope and jig) 



•READ CYCLE 



Item 


Symbol 


HM6116LFP-2 


HM6116LFP-3 


HM6116I.FP-4 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


lliil 


120 




150 




200 




ns 


Address Access Time 


Iaa 




120 




150 




200 


ns 


Chip Select Access Time 


tics 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


tc LZ 


10 




15 




15 




ns 


Output Enable to Output Valid 


toe 




80 




100 




120 


ns 


Output Enable to Output in Low Z 


t0Ll 


10 




15 




15 




ns 


Chip deselection to Output in High Z 


tcHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


loHZ 





40 





50 





6(1 


ns 


Output Hold from Address Change 


toH 


10 




15 




15 




ns 
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HM61 1 6LFP-2.HM61 1 6LFP-3.HM61 1 6LFP-4 
• WRITE CYCLE 



Item 


Symbol 


HM6116LFP-2 


HM6116LFP-3 


HM6116LFP-4 


Unit 














Write Cycle Time 


twc 


1 20 




150 




200 






Chip Selection to End of Write 


tew 


70 




90 




120 






Address Valid to End of Write 




105 




120 




140 






Address Set Up Time 


t AS 


20 




20 




20 






Write Pulse Width 




70 




90 




120 




ns 


Write Recovery Time 


twit 


5 




10 




10 




ns 


Output Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Write to Output in High Z 


twHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


tow 


35 




40 




60 




ns 


Data Hold from Write Time 


Idh 


5 




10 




10 




ns 


Output Active from End of Write 


lam 


5 




10 




10 




ns 



ICAPACITANCE (/-1MHz, r<i-25"C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


Cin 


Vin-OV 


3 


5 


pF 


Input/Output Capacitance 


C, o 


V, ,-OV 


5 


7 


P F 



Note) This parameter is sampled and not 100% tested. 

■TIMING WAVEFORM 
• READ CYCLE (1)'" 



X 



nzzzz: 



tzzz 



zz 



• READ CYCLE (3)' 



Doui 



X 



X 



• READ CYCLE (2)<" !,><4 ' 



f 




NOTES: 1. WE is High for Read Cycle 

2. Device is continuously selected, CS = V IL 

3. Address Valid prior to or coincident with CS 
transition Low. 

4. OE = K rj 



V IL- 
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HM6116LFP-2. HM6116LFP-3. HM6116LFP-4 



• WRITE CYCLE (1) 



7ZX 



i 



/////// 



<K 



- I p. . ■ Ian - 



• WRITE CYCLE (2) 



NOTES: 1. 

2. 
3. 
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( 


\v 




ic» ■ 
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V 
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.-,(1) 

\ J 




'-■ — J 




lm(3) 


w . 16) (J) 


( 


■ in — jw' N ^-^ /, l N|/ V 



A write occurs during the overlap (f wp) of a 

low CS and a low WE. 

t is measured from the earlier of CS or WE 
going high to the end of write cycle. 
During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase to the outputs must not be applied. 
If the CS low transition occurs simultaneously 
with the WE low transitions or after the WE 
transition, output remain in a high impedance 



state. 

5. OE is continuously low. (OE = V IL ) 

6. D out is the same phase of write data of this 
write cycle. 

7. Dqut ' s ,ne rea d data of next address. 

8. If CS is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 



■ LOW Vcc DATA RETENTION CHARACTERISTICS (Ta-0 to +70°C) 



Item 


Symbol 


Test Conditions 


tnin 


typ 


max 


Unil 


Vcc for Data Retention 


Vo, 


csaVcc-o.2v 

V;»2Vcc-0.2V or V,*S0.2V 


2.0 






V 


Data Retention Current 


IcCDk* 


Vcc-3.0V, CS22.8V 
V,„22.8V or V,»S0.2V 






30 


M 


Chip Deselect to Data Retention Time 


(CDS 


See Retention Waveform 









ns 


Operation Recovery Time 


t« 


"I«c 






ns 



« Vn min--0.3V. 10M mix (at Ta-0 to +40C) 
** l«c-Re«d Cycle Time. 

• Low Vcc DATA RETENTION WAVEFORM 





D.U Retention Mode 




\ 










\ V- /_ 


<I 


1 ... 






J 
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HM6116K-3, HM6116K-4 

2048-word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• Industrial Temperature Range 55 to +1 25 C 

• Single 5V Supply and High Density 24 Pin Package 

• High speed: Fast Access Time 150ns/200ns (max.) 

• Low Power Standby and Standby: 100//W (type.) 
Low Power Operation Operation: 180mW (typ.) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

■ FUNCTIONAL BLOCK DIAGRAM 



I/O,© 





■ PIN ARRANGEMENT 



I/0.O 



1 
ft 

As 
At 
A. 
A, 
A, 
Ae 
I/O, 
I/O, 
I/O, 

gnd 
+ 



(Top View) 



17] lire 
Ai 

~22~] A, 
21 | WE 
20 | OE 

Urn 



CS 

17 I I/O. 

16 I I/O, 
15 | 1.0, 

u | i/a 

13 | I/O. 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5' to +7.0 


V 


Operating Temperature 


T„, 


-55 to +125 


*C 


Storage Temperature 


T.„ 


-65 to +150 


"C 


Power Dissipation 


Pr 


1.0 


w 



* Pulse Width 50ns '. 



I TRUTH TABLE 



CS 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


I SB, IsBi 


High Z 




L 


L 


H 


Read 


tec 


Dout 


Read Cycle (1) — (3> 


L 


H 


L 


Write 


Ice 


Din 


Write Cycled) 


L 


L 


L 


Write 


Ice 


Dill 


Write Cycle (2) 
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■ RECOMMENDED DC OPERATING CONDITIONS (7a-0 to + 70TJ) 



Item 






typ 




Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V„ 


2.2 


3.5 


6.0 


V 


V, L 


-1.0* 




0.8 


V 



* Pulse Width : 50ns, DC I V tL ... 0.3V 



■ DC AND OPERATING CHARACTERISTICS (V C c-5V±10%, GND-0V, Ta= -55- + 125-C) 



Item 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 




Vcc-5.5V, V..-GND to Vcc 






10 


*A 


Output Leakage Current 


hrJ 


CS-V,» or OE-V,», 
V„o-GND to Vcc 






10 


*A 


Operating Power Supply 
Current 


Ice 




CS-V, L , /,,0-OmA 




35 


90 


mA 


Icci ** 


V,»-3.5V, K„.-0.6V, 




30 




mA 


Average Operating Current 


lect 


Min. cycle, duty- 100% 




35 


90 


mA 


Standby Power Supply 
Current 


Is. 


CS- V, H 




4 


20 


mA 


IsBl 


CSSVcc-0.2V, Vt.iVcc 
-0.2V or K.S0.2V 




0.02 


2 


mA 


Output Voltage 


Vol 


Zoi.-2.lmA 






0.4 


V 


V M 


Ion- — 1.0mA 


2.4 






V 



* Vcc-5V, Ta-25'C 
* * Reference Only 



■ AC CHARACTERISTICS ( V CC -5V±10%, To- -55 to +125'C) 
• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L = 100pF (including scope and jig) 

•READ CYCLE 



Item 


Symbol 


HM6116K-3 


HM6116K-4 


Unit 


min 


max 


min 


max 


Read Cycle Time 


tnc 


150 




200 




ns 


Address Access Time 


tAA 




150 




200 


ns 


Chip Select Access Time 


Iacs 




150 




200 


ns 


Chip Selection to Output in Low Z 


tcLZ 


10 




10 




ns 


Output Enable to Output Valid 


t0E 




100 




120 


ns 


Output Enable to Output in Low Z 


toLZ 


10 




10 




ns 


Chip Deselection to Output in High Z 


tcHZ 





50 





60 


ns 


Chip Disable to Output in High Z 


toHZ 





50 





60 


ns 


Output Hold from Address Change 


t0H 


10 





10 




ns 




HM611 6K-3.HM611 6K-4 
• WRITE CYCLE 



Item 


Symbol 


HM6116K-3 


HM6116K-4 


Unit 










Write Cycle Time 


fire 






200 






Chip Selection to End of Write 


tew 


on 




lev 






Address Valid to End of Write 




1 911 




M Aft 

14U 




ns 


. 

Address Set Up Time 


IAS 


ni 




9ft 






Write Pulse Width 


twp 


90 




120 




ns 


Write Recovery Time 


f»« 


10 




10 




ns 


Output Disable to Output in High Z 


ttHZ 





50 





60 


ns 


Write to Output in High Z 


IWKZ 





60 





60 


ns 


Data to Write Time Overlap 


tew 


40 




60 




ns 


Data Hold from Write Time 
' 


tan 


10 




10 




ns 


Output Active from End of Write 


to- 


10 




10 


_ 




ns 



I CAPACITANCE (/-1MHz, To-25'C) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C« 


V\-0V 


3 


5 


pF 


Input/Output Capacitance 


Cuo 


Vm,-0V 


5 


7 


pF 



Note) This parameter is sampled and not 100% t. 

■ TIMING WAVEFORM 
• READ CYCLE (I)" 1 



• READ CYCLE (2)' 





ki 

( 


)( 




t*t v 


/ 




wwww 


/////, 


\v 


( fP ft — 

^ tin./ — — 


/' 


— IK* — 

'/// 


$>/ 




tM s — 

ttrU /T— A 




to«- 

(< */ — ' 




w 

H — ttc 


! 







UK 



CYCLEO) ' 1 "" 

Cs 



f 



S- 



NOTES: I. Wis High for Read Cycle. 

2. Device is continuously selected, C5T= V IL . 

3. Address Valid prior to or coincident with CS~transition Low. 

4. CF= V lL . 
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HM6116K-3,HM6116K-4 



WRITE CYCLE (1) 



OE 



WE 



=3C 
7L 7 



X 



tew 

/////// 



)>>)))) 



l«»(2) 



• WRITE CYCLE (2) 1 



WE 





- — ti>« — - 


ton 




tec 


X 


)(XXX 




( ) 


£ 






lr« 




»<«) 


\v 




7 


V 


'////// 




\\\\ 


— tA »■ - 

J- 

\ ? 








ANN 


. (6) (7) 


t 
< 


— io» — e 


1 1»» — -1 



NOTES: 1. A write occurs during the overlap ( twp ) of a l ow and a low WE. 

2. t WR is measured from the earlier of CSor WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the C5~ low transition occurs simultaneously with the "WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. OE is continuously low. (0"E = Vji) 

6. D out is the same phase of write data of this write cycle. 

7. Dputis tr "e read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116AP- lO, HM6116 AP- 12, 
HM6116 AP- IS, HM6116 AP-20, 
HM6116 ASP- lO, HM6116ASP- 12, 
HM6116 ASP- IS, HM6116 ASP-20 



2048-word x 8-bit High Speed Static CMOS RAM 
■ FURTURES 

• High speed: Fast Access Time 1 00ns/1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: (typ.) 

Low Power Operation Operation: 15mW (typ.) (f = 1MHz) 

• Single 5V Supply and High Density 24 Pin Package 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

■FUNCTIONAL BLOCK DIAGRAM 



-3= 



I/0,< 



Mem>rr Matrix 

12KX12H 



I/O,, 



rs 



OE» 



-i0 



-* k. A. I. *, 



HM6116AP Series 




(DP-24) 



HM6116ASP Series 




(DP-24A) 



IPIN ARRANGEMENT 




IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5* to +7.0 


V 


Operating; Temperature 


T„. 


to +70 


•c 


Storage Temperature 


T... 


-55 to +125 


'C 


Temperature Under Bias 


T.,.. 


-10 to +85 


"C 


Power Dissipation 


Pt 


1.0 


W 




(Top View) 



ITRUTH TABLE 



cs 


OF. 


WE 


Mode 


Vcc Current 


I/O Pin 


Ret. Cycle 


H 


X 


X 


Not Selected 


Isb. /si, 


High Z 




L 


L 


H 


Read 


Ice 


Dost 


Read Cycle (11-13) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle 11) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle 12) 
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HM61 1 6AP-1 0.HM61 1 6AP-1 2.HM61 1 6AP-1 5,HM61 1 6AP-20 



I RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


V„ 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V/H 


2.2 


3.5 


6.0 


V 


V, L 


- • 1.0- 




0.8 


V 



» Puis. Width: SOns. DC : V, L mm- 0.3V 

■DC AND OPERATING CHARACTERISTICS ( Vcc-5V±10%, GND-0V. Ta-0 to +70'C) 



Item 


Symbol 


Test Conditions 


HM6116AP/ASP-10 


HM6116AP/ASP-12 


HM6 1 16AP/ASP-1 5 


HM6I 16AP/ASP-20 


Unit 


min 


typ* 


max 


min 


typ* 


max 


min 


typ* 


max 


min 


typ* 


max 




Input Leakage 
Current 


I'l/I 


V CC =S.S\, V in =GND 
to V cc 






2 






2 






2 






2 


uA 


Output Leakage 
Current 


I'xol 


CS^ V 1H or OE = V,„ 
^ /0 =GND to V cc 






2 






2 






2 






2 


«A 


Operating Power 
Supply Current 


Ice 


CS= Vlh. ///O=0mA 
Kfa=V,„ or V, L 




5 


15 




S 


15 




5 


15 




5 


15 


mA 


Icci 


VlH=V C C. VlL = 0V, 

cs= V, L , 

/ //o =0mA,/=lMHz 




3 


6 




3 


6 




;. 3 


6 




3 


6 


mA 


Average Operating 
Current 


ICC2 


min. cycle, duty-100% 




40 


70 




35 


60 




25 


45 




20 


35 


mA 


Standby Power 
Supply Current 


l SB 


CS~=K iH 




1 


4 




1 


4 






4 




1 


4 


mA 


! SB1 


CSk V cc -0.2V 




0.02 


2 




0.02 


2 




0.02 


2 




0.02 


2 


mA 


Output Voltage 


Vol 


/OL = 4mA 






0.4 






0.4 






0.4 






0.4 


V 


V OH 


/OH=-10mA 


2.4 






2.4 






2.4 






2.4 






V 



* Vcc=SV, Ta=2S°C 

■AC CHARACTERISTICS (Vcc-5V±10%. r a = to +70'C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L - 100pF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116AP/ 
ASP-10 


HM6116AP/ 
ASP-12 


HM6116AP/ 
ASP-15 


HM6116AP/ 
ASP-20 


Unit 




min 


max 


min 


max 


min 


max 


mill 


max 


Read Cycle Time 


'rc 


100 




120 




150 




200 




ns 


Address Access Time 


'aa 




100 




120 




150 




200 


ns 


Chip Select Access Time 


'ACS 




100 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


'CLZ 


10 




10 




10 




10 




ns 


Output Enable to Output Valid 


<OE 




50 




55 




60 




70 


ns 


Output Enable to Output in Low Z 


'OLZ 


10 




10 




10 




10 




ns 


Chip Deselection to Output in High Z 


<CHZ 





40 





40 





50 





60 


1 

ns 


Chip Disable to Output in High Z 


<OHZ 





40 





40 





50 





60 


ns 


Output Hold from Address Change 


'OH 


10 




10 




15 




20 




ns 



HM61 1 6AP-1 0.HM61 1 6AP-1 2.HM61 1 6AP-1 5.HM61 1 6AP-20 

HM61 1 6ASP-1 0.HM61 1 6ASP-1 2.HM6 1 1 6ASP-1 5.HM61 1 6ASP-20 



• WRITE CYCLE 



Item 


Symbol 


HM6116AP/ 
ASP-10 


HM6116AP/ 
ASP-12 


HM6116AP/ 
ASP-15 


HM6116AP/ 
ASP-20 


Unit 


min 


max 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


'wc 


100 




120 




150 


— 


200 




ns 


Chip Selection to End of Write 


lew 


65 




90 




120 




ns 


Address Valid to End of Write 


AW 










120 




140 




ns 


Address Set Up Time 


Us 






















ns 


Write Pulse Width 


'WP 


60 




70 




80 




100 




ns 


Write Recovery Time 


l WR 






















ns 


Output Disable to Output in High Z 


'OHZ 





40 





40 





50 





60 


ns 


Write to Output in High Z 


'WHZ 





30 





35 





40 





50 


ns 


Data to Write Time Overlap 


'DW 


30 




35 




40 




50 




ns 


Data Hold from Write Time 
























ns 


Output Active from End of Write 


tow 


10 




10 




10 




10 




ns 



I CAPACITANCE (/-1MHz, T a -25"C) 



Item 



Symbol 



Test Conditions 



tvp 



Unit 



Input Capacitance 



C. 



K.-0V 









Input/Output Capacitance 



Vm>-0V 



pF 



Note) This parameter is sampled and not 100% 

■ TIMING WAVEFORM 
• READ CYCLE (.)<" 



— 



Address 



'rc- 



X 



3( 



-'aa- 



Pi \\\\\\\\ 



cs 



Dout 



'OE- 

~ f OLZ- 



— { ACS- 
'CLZ 



tQH~ 
/]/ / / / J~J 



- ( OHZ 
-'CHZ 



• READ CYCLE (2)' 



1 



ess^)( 



'rc- 



'aa- 



Dout 



I 'oh 




> 


(xxx: 



)C 



~ f OH 

txi 



• READ CYCLE (3)' 



cs — 



-'acs- 



Dout 



— r CHZ 




A 



NOTES: 1 . WE is High for Read Cycle. 

2. Device is continuously selected, ClT= Vjl- 

3. Address Valid prior to or coincident with CTtransition Low. 

4. OT= V lL . 
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HM61 1 6AP-1 0.HM61 1 6AP-1 2.HM61 1 6AP-1 5.HM61 1 6AP-20 

HM61 1 6ASP-1 0.HM61 1 6ASP-1 2.HM61 1 6ASP-1 5.HM61 1 6ASP-20 



• WRITE CYCLE(1) 



OE 



WE 



Din 



v 

Z3 


twc 

( i 


( 






tWR[2] 






tew 


s 


s\\\\ 


w 






'////// 




Jas^ 


{ AW 








% / 


i 


t [3] 

-'OHZ— - 




////// / 




! DH 


<X XXXX 



• WRITE CYCLE (2)' 



WE 



-twc- 



- { cw- 



-tAW- 



tzzzzzzzz 



■'AS* ' 



-t W p(>)- 



l WHZ .; 3 



Din 



tWR [2] 



- l OH- 



- l OW 



[6] 



[7] 





[8] 


: > 





NOTES: 



1. A write occurs during the overlap Uwp) ° f a lowland a low~WE. 

2. t WR is measured from the earlier of CS" or "WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the C5~ low transition occurs simultaneously with the "WE" low 
transitions or after the WE transition, output remain in a high im 
ped ance state. 

5. T5Fis continuously low. (0~E~= V lL ) 

<>• D out 'S the same phase of write data of this write cycle. 
1- D out is Ihe read da <a of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 



<§> HITACHI 
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HM6116 ALP- lO, HM6116 ALP- 12, 
HM6116 ALP- 15, HM6116 ALP-20, 
HM6116 ALSP- IO, HM6116 ALSP- 12, 
HM6116ALSP- 15, HM6116ALSP-20 

2048- word x 8-bit High Speed Static CMOS RAM 
■ FEATURES 

• High Speed: Fast Access Time 100ns/1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: 5/iW (typ.) 
Low Power Operation; Operation: 10mW (typ.) (f = 1MHz) 

• Capability of Battery Back up Operation 

• Single 5V Supply and High Density 24 Pin Package 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 



I FUNCTIONAL BLOCK DIAGRAM 



f3= 



I/0,o- 



ES« — £>"■ 

Who 



("uIurti l>codrr 



HM6-116ALP Series 




HM6116ALSP Series 




A. Ai A: A. 



I PIN ARRANGEMENT 

-w — 




I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5* to +7.0 


V 


Operating Temperature 


T„. 


to +70 


•c 


Storage Temperature 


T.„ 


-55 to +125 


•c 


Temperature Under Bias 


T,.„ 


-10 to +85 


•c 


Power Dissipation 


Pr 


1.0 


W 



A> 

Ai | 3 



A. | 6 

*' CE 

At 

IZ 
E 

Q7 



I/O, 
l/Oi 
I/O, 
GND 



A, 

WE 
01 
An 

ei 

l/0> 

l/Oi 
I/O. 

I/O! 

I/O. 



(Top Vil.) 



• Pul»e Width 50n> : -1.5V 



I TRUTH TABLE 



cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Rel. Cycle 


H 


X 


X 


Not Selected 


/«, Is,, 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle (1) — (3) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle (11 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle (2) 
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HM61 1 6ALP-1 0.HM61 1 6ALP-1 2.HM61 1 6ALP-1 5.HM61 1 6ALP-20 

HM61 1 6ALSP-1 0,HM61 1 6ALSP-1 2.HM61 1 6ALSP-1 5.HM61 1 6ALSP-20 



■ RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70*C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


— i 

Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vin 


2.2 


3.5 


6.0 


V 


V,L 


-i.o* 




0.8 

1 1 


V 



• P u l»« Width : 50m. DC : Vil Bin - -0.3V 



■ DC AND OPERATING CHARACTERISTICS (Kcc«5V ±10%, GND=0V, Ta-0 to +70"C) 



Item 


Symbol 


Test Conditions 


HM61 16ALP/ 
ALSP-10 


HM6116ALP/ 
ALSP-12 


HM6116ALP/ 
ALSP-15 


HM6I16ALP/ 
ALSP-20 


Unit 


min 


typ* 


max 


min 


typ* 


max 


min 


typ* 


max 


min 


typ* 


max 


Input Leakage 
Current 


I'l/I 


K CC =5.5V, K in =GND 
to V CC 






2 






2 






2 






2 


uA 


Output Leakage 
Current 


\'lo\ 


CS= V m or OE= V, H , 
K, /0 =GND to V cc 






2 






2 






2 






2 


uA 


Operating Power 
Supply Current 


Ice 


CS^L.'r/crOmA 
Vtn'V,, or V,i 




4 


12 




4 


12 




4 


12 




4 


12 


mA 


r CCl 


Vm'Vcc ^/l=0V, 

CS=K, L . 

/ //o =0mA,/^lMHz 




2 


5 




2 


5 




2 


5 




2 


5 


mA 


Average Operating 
Current 


ICC2 


min. cycle, duty=100% 




35 


60 




30 


50 




20 


40 




15 


30 


mA 


Standby Power 
Supply Current 


I SB 


cs= V IH 




0.5 


3 




0.5 


3 




0.5 


3 




0.5 


3 


mA 


l SBI 


CS S v cc -0.2V 






50 




1 


50 




1 


50 




1 


50 


uA 


Output Voltage 


Vol 








0.4 






0.4 






0.4 






0.4 


V 


VOH 


IoH = ~ 1 -0mA 


2.4 






2.4 






2.4 






2.4 






V 



* : ^cc=5V, r =25°C 
■ AC CHARACTERISTICS (Vcc-5V ±10%, Ta-0 to +70*C ) 



• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L - 100pF (including scope and jig) 



•READ CYCLE 



Item 


Symbol 


HM6116ALP/ 
ALSP-10 


HM6116ALP/ 
ALSP-12 


HM6116ALP/ 
ALSP-15 


HM6116ALP/ 
ALSP-20 


Unit 


min 


max 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


<RC 


100 




120 




150 




200 




ns 


Address Access Time 


Ua 




100 




120 




150 




200 


" 


Chip Select Access Time 


'ACS 




100 




120 




150 




200 


ns 


Chip Selection to Output in Low Z 


'CLZ 


10 




10 




10 




10 




ns 


Output Enable to Output Valid 


'OE 




50 




55 




60 




70 


ns 


Output Enable to Output in Low Z 


>OLZ 


10 




10 




10 




10 




ns 


Chip Deselection to Output in High Z 


<CHZ 





40 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


*OHZ 





40 





40 





50 





60 


ns 


Output Hold from Address Change 


'OH 


10 




10 




15 




20 




ns 
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HM61 1 6ALP-1 0.HM61 1 6ALP-1 2.HM61 1 6ALP-1 5.HM61 1 6ALP-20 

HM61 1 6ALSP-1 0.HM61 1 6ALSP-1 2.HM61 1 6ALSP-1 5.HM61 1 6ALSP-20 

• WRITE CYCLE 



Item 


Symbol 


HM6 1 16 ALP/ 
ALSP-10 


HM6116ALP/ 
ALSP-12 


HM6116ALP/ 
ALSP-15 


HM6116ALP/ 
ALSP-20 


Unit 


min 


max 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


'wc 


100 


- 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


'cw 


65 


- 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to End of Write 


'a w 


80 


— 


105 




120 




140 




ns 


Address Set Up Time 


'as 















— ^— 







ns 


Write Pulse Width 


'wp 


60 




70 




80 




100 




ns 


Write Recovery Time 


l WR 






















ns 


Output Disable to Output in High Z 


'OHZ 





40 





40 





50 





60 


ns 


Write to Output in High Z 


<WHZ 





30 





35 





40 





50 


ns 


Data to Write Time Overlap 


'dw 


30 




35 




40 




50 




ns 


Data Hold from Write Time 


'dh 






















ns 


Output Active from End of Write 


'ow 


10 




10 




10 




10 




ns 



ICAPACITANCE (/-1MHz, 7a-25*C) 



Hem 


Symbol 


Test Conditions 


l.vp 




L'nil 


Input Capacitance 


C. 


V..-0V 


3 


5 


pK 


Input/Output Capacitance 


Cf.o 


V, o-0V 


5 


7 





Note) This par-meter is sampled and not 100% tested. 

■ TIMING WAVEFORM 
• Read Cycle (1) 



11] 

Address 
OE 



-'rc- 



X 



-'AA- 



\\\\\\\\ 



cs 



Dout 



~'OLZ~ 



-'acs- 



'CLZ- 







— 
- 



ITJZZZl 



^ZZZZZL 



J OHZ 
-'CHZ 



Cycle (2) 



[1],[2],[4] 



Address 



Dout 





>RC 

( ) 


( 


■ t AA 

I- f OH H 






■ 'oh— 




) 


(XXX) 




< 



• Read Cycle (3) 




Dout 



NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS * Vj L . 

3. Address Valid prior to or coincident with CS transition Low. 
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HM61 1 6ALP-1 0.HM61 1 6ALP-1 2.HM61 1 6ALP-1 5.HM61 1 6ALP-20 

HM61 1 6ALSP-1 0.HM61 1 6ALSP-1 2.HM61 1 6ALSP-1 5.HM61 1 6ALSP-20 



• Write Cycle (1) 











cs S3 
Us 



WE 



'wc- 



'cw- 



~'aw~ 



% \\\\ 

XZZZZZZ 



XXXI 



dou. 777777) 1 



Din 



>WR[2] 



fax 



• Write Cycle (2) 



<5) \1/ 

Address )( 



cs\X 

WE 



twc 



XXXX\[4i 



-'cw- 



£L 



VasI !whz \ ,[3 

»>>)))))))) > 



>WR [2] 

y////// 



\-'DW-\-tDH~ 



r OH— I 

, [6] m 



Din 



NOTES: I . A write occurs d urin g the overlap ( r u//>) of a 
low CS and a low WE. 

2. tyyR is measured from the earlier of CS or WE 5. 
going high to the end of write cycle. 6. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 7. 
phase ^o_the outputs must not be applied. 

4. If the CS low transition occurs simultaneo usly 
with the WE low transitions or after the WE 



transition, output remain in a high impedance 
state. 

OE is continuously low. (OE ■ Vji) 
D out is the same phase of write data 



write cycle. 

D „. is the read data of next address. 
If CS is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 



ILOW Vcc DATA RETENTION CHARACTERISTICS (To-O to +70C1 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


•'■•I 


Vcc for Data Retention 


V». 


CSSVYc -0.2V 


2.0 






V 


Data Retention Current 


IcCDK* 


Vcc -3.0V. CSS2.8V 






30 


M 


Chip Deselect to Data Retention Time 


tcDK 


See Retention Waveform 











Operation Recovery Time 


In 


i. •• 






ns 



* 10 M max at Ta-0V t. 
* « l>. -Read Cycle Time. 



• Low Vcc Data Retention Waveform 



4 

'CDR 



Data Retention Mode 



• 5V " \ VpR^.OV 
-\ CS>V DR -0.2V 



,< r 4SV~ 
' 'R . 
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HM61 17P-3, HM61 17P-4- 



2048-word x 8-bit High Speed Static CMOS RAM 



IFEATURES 

i Single 5V Supply and High Density 24 pin Package. 

i High Speed: Fast Access Time 150ns/200ns (max.) 

' Low Power Standby and Standby: 100/iW (typ.) 

Low Power Operation: Operation: 200mW (typ.) 

Completely Static RAM: No clock nor Timing Strobe Required 

Directly TTL Compatible: All Input and Output 
. Equal Access and Cycle Time 



IFUNCTIONAL BLOCK DIAGRAM 



Ai 
\i 
Ai 
A. 
Ai 
A. 
Ar 



I/O, < 



Row 
Decoder 



Memory Matrix 
128X128 



I Vcc 
' CND 



i/o.« 



CEl < 
WE < 



Input 
Dm 

Control 




Column Decoder 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


•-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.„ 


to +70 


"C 


Storage Temperature 


T... 


-55 to +125 


"C 


Temperature Under Bias 




-10 to +85 


*C 




(DP- 24) 



IPIN ARRANGEMENT 



A. [7 




Vcc 


A. [7 




23] Ai 


A.(T 




77] Ai 


A. [7 




TTJwe 


A.fT 




"io] CE» 


Al[7 




7F| An 


Ai(T 




75] ce. 


A.(T 




77] 1/0. 


i/o,|T 




TJ] 1/0. 


I/O. (77 




Ts] 1/0. 


i/o. QT 




77] i/o. 


cndQ? 




7JJ 1/0. 



(Top View) 



* Pulse width 50ns : 



ITRUTH TABLE 



CE, 


CE. 


WE 


Mode 


Vcc Current 


I/O Pin 


H 


X 


X 


Not Selected 


/ecu 


High Z 


X 


H 


X 


Not Selected 


/ecu 


High Z 


L 


L 


H 


Read 


Ice 


Dout 


L 


L 


L 


Write 


Ice 


Din 
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IRECOMMENDED DC OPERATING CONDITIONS (0'Csr o ^70'C) 



HM6117P-3.HM6117P-4 



Item 


Symbol 


Bin 


typ 


max 


Unit 


Supply Voltage 


Vc<: 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


V,H 


2.2 


3.5 


6.0 


V 


Input Low 'logic 0) Voltage 


V,,. 


-1.0* 




0.8 


V 



» Pulse width : SOns. DC : V, t .,.--0.3V 



IDC AND OPERATING CHARACTERISTICS (Ta-OTJ to + 70tJ, Vcc-5V±10%, GND-0V) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


lu 


V..-GND to Vcc 






10 


M 


Output Leakage Current 


1/1.1 


CE, - Vu or CE, - V,„ 

V, n — GND to Vc c 






10 


M 


Operating Power Supply 
Current '. DC 


Ice 


CEi-CEi-V/t. /; u -0mA 




40 


80 


mA 


Average Operating Current 


lea 


Min cycle, duty- 100% 




40 


80 


mA 




CZ,-V,,.. CE,-V, L 






Standby Power Supply 


ICCU' 


cE,aVcc-o.2V, 




0.02 


2 


mA 


Current 11) I DC 




V,n2 V„— 0.2V or V,vS0.2V 








Standby Power Supply 


/ceil* 


CE!;Vcc-0.2V 




0.02 


2 


mA 


Current (21 : DC 










Output low Voltage 


Vol 


/ i-2.1mA 






0.4 


V 


Output High Voltage 


Vo» 


I oh- -1 .0mA 


2.4 






V 



rtes: 1) Typici] limits ire it Vcc-5.0V. ro-+25'C 
21 * : V,!...--0.3V 

■CAPACITANCE (7Y.-25*C, /-1.0MH*) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C, 


Wv-OV 


3 


5 


pF 


Input/Output Capacitance 


Ci o 


V, „-0V 


5 


7 


pF 



i sampled and not 100% tested. 

■AC CHARACTERISTICS (Ta-OtJ to + 70TJ, V C c-5V±10% unless otherwise noted) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1 TTL Gate and C L =100pF (including scope and jig) 



•READ CYCLE 



hem 


Symbol 


HM6117P-3 


HM6117P-4 


Unit 


min 


max 


min 


max 


Read Cycle Time 




150 




200 




ns 


Address Access Time 


u. 




150 




200 


ns 


Chip Enable (CEi) to Output 


tco\ 




150 




200 


ns 


Chip Enable (CEi) to Output 


tcot 




150 




200 


ns 


Chip Enable (CEi ) to Output in Low Z 




10 




10 




ns 


Chip Enable (CE*) to Output in Low Z 


tifl 


10 




10 




ns 


Chip Disable (CEi ) to Output in High Z 


IHZ\ 





70 





80 


ns 


Chip Disable (CEi) to Output in High Z 


tnzi 





70 





80 


ns 




ton 


15 




15 




ns 
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HM61 1 7P-3.HM61 1 7P-4 



• TIMING WAVEFORM OF READ CYCLE (Notes 1) 

lie 



X 



CEi 



CE, 



Dou - wc 



I tHZt 



Data Valid 



NOTES: 1. WE is High for Read Cycle. 



• WRITE CYCLE 



Item 


Symbol 


HM6117P-3 


HM6117P-4 


Unit 


min 


max 


min 


max 


Write Cycle Time 


twe 


150 




200 




ns 


Chip Enable (CE,) to End of Write 


Icwi 


100 




120 




ns 


Chip Enable (CEr) to End of Write 




110 




130 




ns 


Address Set Up Time 


I44 


20 




20 




ns 


Address Valid to End of Write 




130 




150 




ns 


Write Pulse Width 




100 




120 




ns 


Write Recovery Time 




15 




15 




ns 


Write to Output in High Z 


twHZ 





60 





70 


ns 


Data to Write Time Overlap 




50 




60 




ns 


Data Hold from Write Time 


I'M 


20 




20 




53 


Output Active from End of Write 


tow 


10 




10 




ns 



• TIMING WAVEFORM OF WRITE CYCLE 



NOTES: 



CEi 

m 



) 






m 






\w 




/ 






win 

U.W ^\\\\\ / 




tow 



■ .1 (6) (7) 



Data In Valid / QOOOO^ 



1 A write occurs during the 
overlap (t WP ) of low CE. , 
CE, and WE. 

2. t AS is measured from the 
address changes to the bigin- 
ning of the write. 

3. t WR is measured from the 
earlier of CE, , CE., or WE 
going high to the end/of 
write cycle. 



, During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 
If the CE, or CE, low transi- 
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
pedance state. 



6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read data of next 
ad dress. 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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HM61 17FP-3, HM61 17FP-4 



2048-word x 8-bit High Speed Static CMOS RAM 
■FEATURES 

• High Density Small Sized Package 

• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply and High Density 24 pin Package. 

• High Speed: Fast Access Time 150ns/200ns (max.) 

• Low Power Standby and Standby: 100mW (typ.) 
Low Power Operation: Operation: 200mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 



. , 




(FP-24) 



IFUNCTIONAL BLOCK DIAGRAM 





A, 
Ai 
As 
A, 
As 
As 
A, 



1/0, ( 



CE2 



CEI < 
WE< 



J 



-3c 




Row 
Decoder 



Memory Mitrii 
128X128 



Input 
Dsn 

Control 



Column I/O 



Column Decoder 



EES 







I Vcc 
CND 



i i 
i i 



4^ 
— 



IPIN ARRANGEMENT 




(Top View) 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


•-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.„ 


to +70 


'C 


Storage Temperature 


T.„ 


-55 to +125 


- C 


Temperature Under Bias 


T.,.. 


-10 to +85 


"C 



ITRUTH TABLE 



CE, 


CE. 


WE 


Mode 


Vcc Current 


I/O Pin 


H 


X 


X 


Not Selected 


ICCL, 


High Z 


X 


H 


X 


Not Selected 


icCLl 


High Z 


L 


L 


H 


Read 


lec 


Dout 


L 


L 


L 


Write 


Ice 


Din 
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■RECOMMENDED DC OPERATING CONDITIONS ((TC £ 7Vz:S70*C ) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


fn 


2.2 


3.5 


6.0 


v 


Input low (logic 0) Voltage 


V, L 


-1.0- 


— 


0.8 


v 


* Puit -idth : son.. DC : Vii... — 0.3V 

■DC AND OPERATING CHARACTERISTICS (Ta= G"C to + 70TJ, Vcc-5V±10%, GND = 0V) 


Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


Ifuj 


V.. — GND to Vcc 






10 


M 


Output Leakage Current 


\ho\ 


CE,-V,„ or CEz-V,„ 

V,. -GND to Vcc 






10 


M 


Operating Power Supply 
Current : DC 


he 


CE, -CEz-V/t. /, o-OmA 




40 


80 


mA 


Average Operating Current 


Icci 


Min cycle, duty- 100% 
CE,-V, t , CB-Vn 




40 


80 


mA 




Standby Power Supply 

Current 11) 1 DC 


ICCL,* 


CE,SVcc-0.2V, 

V,s2 Vcc-0.2V or V,.vS0.2V 




0.02 


2 


mA 


Standby Power Supply 
Current 12) i DC 


IcC LI* 


CEzSVcc-0.2V 




0.02 


2 


mA 


Output low Voltage 


Vol 


/t,t-2.1mA 






0.4 


V 


Output High Voltage 


Voh 


/<,»--!. 0mA 


2.4 




- 


V 


Notes: 1) Typical limit, .re .1 V CC -5.0V. To- +25'C 

2) • : r^i— 0.3V 

- 

■CAPACITANCE (To-25'C, /-1.0MHz) 


Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


a« 


ftx-OV 


3 


5 


P F 


Input/Output Capacitance 


Ci o 


v, „-ov 


5 


7 


PF 


Note) Thi. parameter is sampled and not 100% tested. 

■AC CHARACTERISTICS (Ta — OXi to + 70"C, Vcc = 5V±10% unless otherwise noted) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C L = lOOpF (including scope and jig) 

•READ CYCLE 


Item 


Symbol 


HM6117P-3 


HM6117P-4 


Unit 


min 


max 


min 


max 


Read Cycle Time 


Isc 


150 




200 




ns 


Address Access Time 


ItA 




150 




200 


ns 


Chip Enable (CE, ) to Output 


tcot 




150 




200 


ns 


Chip Enable (CEz) to Output 


tcoi 




150 




200 


ns 


Chip Enable (CEi) to Output in Low Z 




10 




10 






lis, 






ns 


Chip Enable (CEz) to Output in Low Z 




10 




10 






ft;z 






ns 


Chip Disable (CE, ) to Output in High Z 







70 





80 


ns 


Chip Disable (CEz) to Output in High Z 


tnzz 





70 





80 


ns 


Output Hold from Address Change 


tow 


15 




15 




ns 




HM61 1 7FP-3.HM61 1 7FP-4 



• TIMING WAVEFORM OF READ CYCLE (Notes 1) 

tKC 



Address 



X 



CEi 



CE! 



Dout 



X 









f/M 


WM 




ILZ1 

tcoi 






1*21 












m 








lizt 






IHZI 




— 


— 




( Data Valid ) 


® 



• WRITE CYCLE 



NOTES: 1. WE is High for Read Cycle. 



hem 


Symbol 


HM6117P-3 


HM6117P-4 


Unit 


min 


max 


min 


max 


Write Cycle Time 


Iwc 


150 




200 




ns 


Chip Enable (CEi) to End of Write 


(cm 


100 




120 




ns 


Chip Enable (CEi) to End of Write 


tcwi 


110 




130 




ns 


Address Set Up Time 


tAS 


20 




20 




ns 


Address Valid to End of Write 


Iaw 


130 




150 




ns 


Write Pulse Width 


twp 


100 




120 




ns 


Write Recovery Time 


tm 


15 




15 




ns 


Write to Output in High Z 


twit l 





60 





70 


ns 


Data to Write Time Overlap 


Idw 


50 




60 




ns 


Data Hold from Write Time 


/»» 


20 




20 




ns 


Output Active from End of Write 

' 


torn 


10 




10 




ns 



• TIMING WAVEFORM OF WRITE CYCLE 




CE, 



WE 





_ «S 

t ) 






m n > 




wwv 


Iaw 


r~ 






Wp(11 

L,„ WWW 


i 





))»»)>»/ 



»))»»»» 



NOTES: 1. A write occurs during the 
over lap (<m/p ) of low CE, , 
CE, and WE. 

2. t AS is measured from the add- 
ress changes to the biginning 
of the write. 

3. rn9? is measu red from the 

earlier of CE, , CE, or WE 
going high to the end/of 
write cycle. 



During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 
If the CE, or CE, low transi- 
tion o ccur s simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 



pedance state. 

6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read data of next 
ad dress . 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 



169 



HM61 1 7FP-3.HM61 1 7FP-4 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

u 



1.4 









7a = 25*C 











































475 S.O S25 

Supply Volt«e Vcc (V) 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



0.4 









Vcc = S.0V 











































20 40 60 

Ambient Temperature Ta CO 



ACCESS TIME 

vs. SUPPLY VOLTAGE 



1 «-' 



4.75 5.0 5.25 

Supply Voluie Vcc (V) 



ACCESS TIME 
vs. LOAD CAPACITANCE 

Ur 



I 1.4 

& 

\ \2 

































fa = 25'C 
Vcc = MIN 



















100 200 300 400 

Lend Capacitance Cl (pF) 



ACCESS TIME 

vs. AMBIENT TEMPERATURE 

1.3 



. 0.9 

: 









Vcc=S.0V 











































20 40 60 80 

Ambient Temperature Ta (*C) 



SUPPLY CURRENT 
vs. FREQUENCY 

u 







1 

200ns 


150ns 


120ns 





















































2 4 6 8 10 

Frequency / ( MHz ) 
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INPUT LOW VOLTAGE 
vs. SUPPLY VOLTAGE 

1.3r 









To = Z5*C 











































4.75 5.0 5.25 

Suppl, Volt.ge Vcc (V) 



5.5 



INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 

Ui 




4.75 5.0 5.25 

Suppl, Volute Vcc (V) 



OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 

l.6r 



8 1.2 

i 









7o = 25'C 
Vcc = 5V 











































OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 



i 1.2 

i 



Z 0.8 

i 

































To»25"C 
Vcc=5V 



















Output Voltage Vo* (VI 



Output Voltige Voi (VI 
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2048- word x 8-bit High Speed Static CMOS RAM 
■FEATURES 

• Single 5V Supply and High Density 24 Pin Package. 

• High Speed: Fast Access Time 150ns/200ns max. 

• Low Power Standby and Low Power Operation; 

Standby: 10/iW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW(typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 



IFUNCTIONAL BLOCK DIAGRAM 



Ai 
A, 
As 
A< 
As 
A, 
A, 



Row 
Decoder 



Memory Matrix 
128X128 



! Vcc 
GND 



CE2o [>o- 



CE1 « 
WE c 



Input 
Date 
Control 




Aq Ai Ai An 



4j< 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


•-0.5 to +7.0 


V 


Operating Temperature 


T 


to +70 


V 


Storage Temperature 






"C 


Temperature Under Bias 




-10 to +85 


■c 


Power Dissipation 


Pr 


1.0 


w 




IPIN ARRANGEMENT 



Ar[7 




m] Vcc 


A. [7 




7f| Ai 


As|T 




22*1 Ai 


A. [7 




2l]"WE 


A) [7 




ToJcT, 


Al|T 




T£| A,. 


A,f7 




75] CE, 


A. [7 




77] i/o, 


i/o,(T 




TFJi/o. 


i/Oipo 1 




JJJl/0. 


1/o.QT 




77J i/os 


cndQ? 




77] i/o. 



(Top View) 



• Pulse width 50ns : 



ITRUTH TABLE 



CE, 


CE: 


WE 


Mode 


Vcc Current 


I/O Pin 


H 


X 


X 


Not Selected 


Iccl, 


High Z 


X 


H 


X 


Not Selected 


IcC LI 


High Z 


L 


L 


H 


Read 


lc, 


Dout 


L 


L 


L 


Write 


ice 


Din 



172 



HM61 1 7LP-3.HM6 1 1 7LP-4 

■RECOMMENDED DC OPERATING CONDITIONS (To-O'C to+70'C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


Vm 


2.2 


3.5 


6.0 


V 


Input low {logic 0) Voltage 


V,i 


-1.0* 


1 


0.8 


V 



* Puis. Width :50ns, DC If,,.... 0.3V. 



■ DC AND OPERATING CHARACTERISTICS (T a =0'C to +70°C, Kcc = 5V + 10%, GND = 0V) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


1 lu 1 


V,»-GND to Vcc 






2 


M 


Output Leakage Current 


f£71 


CE,-V,„ or CEj — Vm 
W -GND to Vcc 






2 


M 


Operating Power Supply 
Current I DC 


Ice 


CE.-CEj-V/l. //.o-0mA 




35 


70 


mA 


Average Operating Current 


/cci 


Min cycle, duty- 100% 
CE.-V/l. CE.-V,,. 




35 


70 


mA 


Standby Power Supply 
Current (1) : DC 


/ecu* 


CE,2 Vcc-0.2V 
V,„ZVcc-Q.2V or V,»S0.2V 




2 


50 


M 


Standby Power Supply 
Current (2) : DC 


iCCi.2* 


C£,iVcc-0.2V 




2 


50 


M 


Output low Voltage 


Vol 


/oi-2.1mA 






0.4 


V 


Output High Voltage 


\'„H 


7o»--1.0mA 








V 



Notes: 1) Typic.l limits m .1 Vcc-S.OV. 7-«- + 25'C 
2) » : f,t.,.--0.3V 



■CAPACITANCE (ro-25'C. /-1.0MHz) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 






3 


5 


pF 


Input/Output Capacitance 


Ct, 


V„o-0V 


5 


7 


pF 



Notei-l) This parameter is sampled and not 100% tested. 



■AC CHARACTERISTICS (7a=0'C to +70"C, V CC =5V±10% unless otherwise noted) 
• AC TEST CONDITIONS 

Input Pulse Levels 0.8V to 2.4V 

Input Rise and Fall Times 10ns 

Input and Output Timing Reference Levels • • , 1.5V 

Output Load 1 TTL Gate and Cj. - 100pF (Including Scope & Jig) 

•READ CYCLE 





Symbol 


HM6117LP-3 


HM6117LP-4 


Unit 




min 


max 


min 


max 


Read Cycle Time 


Ikc 


150 




200 




ns 


Address Access Time 


Ua 




150 




200 


ns 


Chip Enable (CEi) to Output 


tcot 




150 




200 


ns 


Chip Enable (CEz) to Output 


fcoz 




150 




200 


ns 


Chip Enable (CEi ) to Output in Low Z 


Ilz, 


10 




10 




ns 


Chip Enable (CEi) to Output in Low Z 


ILZ! 


10 




10 




ns 


Chip Disable (CE, ) to Output in High Z 


(«! 





70 





80 


ns 


Chip Disable (CEi) to Output in High Z 


tnzi 





70 





80 


ns 


Output Hold from Address Change 


■ 

t0H 


15 




15 




i Z 


ns 
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• TIMING WAVEFORM OF READ CYCLE (Notes 1) 

uc 



Address 



CE, 



ZX 



CEi 



X 



D.t. Valid 



• WRITE CYCLE 



NOTES: 1. WE is High for Read Cycle. 



Item 


Symbol 


HM6117LP-3 


HM6117LP-4 


Unit 


min 


max 


min 


max 


Write Cycle Time 


fire 


150 




200 




ns 


Chip Enable (CEi) to End of Write 


tcwi 


100 




120 




ns 


Chip Enable (CEi) to End of Write 


tew. 


110 




130 




ns 


Address Set Up Time 


Ut 


20 




20 




ns 


Address Valid to End of Write 


t,w 


130 




150 




ns 


Write Pulse Width 


Iwp 


100 




120 




ns 


Write Recovery Time 


lw K 


15 




15 




ns 


Write to Output in High Z 


twHZ 





60 





70 


ns 


Data to Write Time Overlap 


low 


50 




60 




, — a-* 


Data Hold from Write Time 


ton 


20 




20 




ns 


Output Active from End of Write 


low 


10 




10 




ns 



• TIMING WAVEFORM OF WRITE CYCLE 



X 



CE, 
WE 



Din 



mm 



2 



m»»»»>»»m 



[31 



mm 



NOTES: 1 A write occurs during the 

overlap (t W p) of low CE, , 

CE, and WE. 
2- *AS ' s measured from the 

address changes to the bigin- 

ning of the write. 
3. Iwr is measured from the 

earlier of CE,, CE, or WE 

going high to the end/of 

write cycle. 



4. During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CE, or CE, low transi- 
tion occurs simultaneously 
with the_WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
pedance state. 



6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read data of next 
ad dress. 

8. If CE, and CE, are low 
during this period, I/O pins 
axe in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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ILOW Vcc DATA RETENTION CHARACTERISTICS (r a =0Cto + 70"c; 



It 


Symbol 


Test Conditions 




typ 




Unit 


Vcc for Data Retention 


vL 


KsCi ^ vcc u.zv, 
V«2Vc<:-0.2V or V,»S0.2V 


2.0 


- 


- 


V 


Vcc for Rata Retention 


Von 


CEiS Vcc-0.2V 


2.0 






V 


Data Retention Current 


ICCDR I 


Vcc-3.0V, CET22.8V, 
V,„22.8V or V,„S0.2V 






30* 


M 


Data Retention Current 


IcCDRT 


Vcc-3.0V. CE,2Vcc-0.2V 






30* 


M A 


Chip Deselect to Data Retention Time 


ICDR 


See Retention Waveform 









ns 


Operation Recovery Time 




Isc" 






ns 



* \0pA ma* at To-0'C lo +40"C. V, L min--0.3V 
** far-Read Cycle Time 

• LOW Vcc DATA RETENTION WAVEFORM 




Data Retention Mode 



Km 

Ce; or CEa f»«-0.2V 




NOTE: 1. VE 2 controls_ Address buffer, WE buffer, CE, buffer and D IN 
buffer. If CEj controls data retention mode, Vjn level (address, 
(WE, CE,, Dty ) can be in the high impedance state. I f CE , 
controls data retention mode, Vjn level (address, WE, DE 3 , 
Dr /0 ) must be V IN > V CC -0.2V or V, N S 0.2V. 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



4.75 5.0 5.25 

Supply Voltaje Vcc (V) 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



1.6 

I 

£ 1-2 









Vcc = 5.0V 











































Ambient Temparature Ta 'X I 
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4.5 4.75 5.0 525 54 20 40 60 80 



Supply Vol,.,, V CC (VI Anb.rni Temperaiure 7i iX' 



ACCESS TIME vs. 
LOAD CAPACITANCE 



1 >.4 

i 

j 



To-25 - C 
Vcc = MlN 



200 300 400 500 

Load Capacitance Ct IpF) 



SUPPLY CURRENT vs. 
FREQUENCY 







1 

200ns 


150ns 


120ns 































































2 4 6 

Frequency / IMHzl 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 









7a=25'C 











































4.75 5.0 5.25 

Supply Vollage Vcc (V) 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 



2. 
f 









Ta = 25*C 











































4.75 5.0 5.25 

Supply Volu,e Vcc (V) 
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OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 



I 1.2 



" 0.1 



I 









Ta = 25'C 
Vfcc-SV 











































Ouipui Voh.ge Voh (V) 

STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE 



S 10-' 









Vcc=3V 
£El = 2.8V 



















20 40 $0 

Ambisni T>mper«lure To CO 



OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 



t 1.2 

I 



1.0 

































7i = 2S"C 
Vcc-5V 



















0.2 4 0.6 

Onlpul VolUg. Vol (V) 



0.8 



STAND-BY CURRENT vs. 
SUPPLY VOLTAGE 







































r« 
CI 


= 25T 

I-Vrc-0.2V 












5 



Supply Voluge Vcc (V) 



STAND-BY CURRENT vs. 
INPUT VOLTAGE 



| 
3 
s 













7a*25'C 
Vcc = 5V 
CEl = 4.8V 



















[ 




































3 




5 



STAND-BY CURRENT vs. 
INPUT VOLTAGE 











7o = 25*C 
Vcc=5V 
CEi = 4.8V 











































Inpul Voll.ge Vim (V) 



Inpu; Volt.ge V,. (V) 
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2048-wordx 8-bit High Speed Static CMOS RAM 
■FEATURES 

• High Density Small-sized Packaged 

• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• Single 5 V Supply 

• High Speed: Fast Access Time 150ns/200ns max. 

• Low Power Standby and Low Power Operation; 

Standby: 10/iW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW(typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 



■FUNCTIONAL BLOCK DIAGRAM 



Ai 
A. 
Aj 
A. 
As 
Ai 
A; 



s 



■S<= 



l/0,e 



Row 
Decoder 



Memory M.trix 
128X128 



I Vcc 
GND 



s 



CE2 ^o- 



input 
Dm 
Control 



Column Decoder 



SE1 

Ae A. Ai An 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


•-0.5 to +7.0 


V 


Operating Temperature 


T„. 


to +70 


•c 


Storage Temperature 


T„. 


-55 to +125 


*C 


Temperature Under Bias 


T>... 


-10 to +85 


•c 


Power Dissipation 


Pt 


1.0 


w 




IPIN ARRANGEMENT 



AtJT 


17J Vcc 


A. \7 


23\ Ai 


Ai[T 


JJJa. 


A.(T 


JjJwE 


Ai[T 


TojcEi 


A.(T 


T5] a,. 


Ai(T 


7J]cT, 


A.(T 


77] i/o. 


l/o, (T 


7J] i/o. 


i/o,Qo 


7s] I/O. 


i/o,[u 


77] i/oi 


cnd(7J 


JJJi/o. 


(Top View) 







* Pulse widlh 50ns : -1.5V 



ITRUTH TABLE 



CE, 


CE, 


WE 


Mode 


Vcc Current 


I/O Pin 


H 


X 


X 


Not Selected 


IcCLl 


High Z 


X 


H 


X 


Not Selected 


/ecu 


High Z 


L 


L 


H 


Read 


lec 


Dout 


L 


L 


L 


Write 


Ice 


Din 
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-HM6117LFP-3, HM6117LFP-4 



IRECOMMENDED DC OPERATING CONDITIONS (Ta=0*C to + 70t)) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


V IH 


2.2 


3.5 


6.0 


V 


Input low (logic 0) Voltage 


V,L 


-1.0* 




0.8 


V 



• P.Im Width : SO** dc:v„... 0.3V. 

■DC AND OPERATING CHARACTERISTICS (To-0'C to +70 , C, V CC -5V±10%, GND=0V) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


inn 


V,„-GND to Vcc 






2 


M 


Output Leakage Current 


\ho\ 


CE,-V,» or CE,-V,» 

W -GND to Vcc 






2 


M 


Operating Power Supply 
Current \ DC 


Ice 


CEi-CE,-V, t , // o-OmA 




35 


70 


mA 


Average Operating Current 


/cc, 


Min cycle, duty- 100% 

CE,-V, t , CE,-V, L 




35 


70 


mA 


Standby Power Supply 
Current (11 : IX 


/ecu* 


CE,£Vcc-0.2V 
V,«2Vcc-0.2V or V;*£0.2V 




2 


50 


M 


Standby Power Supply 
Current 121 : DC 




CE,2Vcc-0.2V 




2 


50 


M 


Output low Voltage 


Vol 


/„ t -2.1mA 






0.4 


V 


Output High Voltage 


Voh 


Ioh 1.0mA 


2.4 






V 



No».:l) Typical Mmita ire at V C c-5.0V. T.-+25 - C 
2) • : fa... 0.3V 



ICAPACITANCE (Ta-25*C, /-1.0MHz) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 




Input Capacitance 


Cm 


V„-0V 


3 


5 


pF 


Input/Output Capacitance 


C; 


V, -ov 


5 


7 


pF 



■AC CHARACTERISTICS (To-O'C to + 70°C, Vcc -5V±10% unless otherwise noted) 
• AC TEST CONDITIONS 

Input Pulse Levels 0.8V to 2.4V 

Input Rise and Fall Times 10ns 

Input and Output Timing Reference Levels ■ • ■ 1.5V 

Output Load 1 TTL Gate and Q_ " 100pF (Including Scope & Jig) 

•READ CYCLE 



Item 


Symbol 


HM6117LFP-3 


HM6117LFP-4 


Unit 


min 


max 


min 


max 


Read Cycle Time 


tRC 


150 




200 




ns 


Address Access Time 


V. 




150 




200 


ns 


Chip Enable ( CE, ) to Output 


Icoi 




150 




200 


ns 


Chip Enable ( CEi } to Output 


(coi 




150 




200 


ns 


Chip Enable (CEi) to Output in Low Z 


1L2, 


10 




10 




ns 


Chip Enable (CEi) to Output in Low Z 


Ilzi 


10 




10 




ns 


Chip Disable (CE.) to Output in High Z 


Ihzi 





70 





80 


ns 


Chip Disable (CEi) to Output in High Z 


(»2! 





70 





80 


ns 


Output Hold from Address Change 


ton 


15 


r 


15 


_ 

1 


ns 



HITACHI 



HM6117LFP-3, 



FP-4- 



• TIMING WAVEFORM OF READ CYCLE (Notes 1) 

^ lie 

Address 



CE, 



Dout 




NOTES: 1. WE is High for Read Cycle. 



• WRITE CYCLE 



Item 


Symbol . 


HM6117LFP-3 


HM6117LFP-4 


Unit 


min 


max 


min 


max 


Write Cycle Time 


tWC 


150 




200 




ns 


Chip Enable (CE,) to End of Write 


lew, 


100 




120 




ns 


Chip Enable (CE,) to End of Write 


tc¥/l 


110 




130 




ns 


Address Set Up Time 


t.S 


20 




20 




ns 


Address Valid to End of Write 


Iaw 


130 




150 




ns 


Write Pulse Width 


twf 


100 


i f — 


120 




ns 


Write Recovery Time 


In 


15 




15 




ns 


Write to Output in High Z 


twHZ 





60 





70 


ns 


Data to Write Time Overlap 


Id* 


50 




60 




ns 


Data Hold from Write Time 


io» 


20 




20 




' 

ns 


Output Active from End of Write 


low 


10 




10 




ns 


• TIMING WAVEFORM OF WRITE CYCLE 














Iwc 











WE 



X 



T 



m(2) 



-5^ 



Mil) 



!r«z«> 



»»»»»»»»»»m 



-<X>( 



Y 



HE 



<«• , i 16) 



. (6) m 



NOTES: 1 A write occurs during the 
rerlap 
CE, and 



overlap (t WP ) of low CE, , 
WE. 



tjis is measured from the 
address changes to the bigin- 
ning of the write. 
t-WR is measured from the 
earlier of CE,, CE, or WE 
going high to the end/of 
write cycle. 



4. During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CE, or CE, low transi- 
tion occurs simultaneously 
with the "WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 



pedance state. 

6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read data of next 
ad dress. 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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HM6117LFP-3, HM6117LFP-4 



■LOW Vcc DATA RETENTION CHARACTERISTICS (To-O'Cto + 70'C) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc for Data Retention 




CE,2 Vcc-0.2V, 
V«2Vcc-0.2V or V,«S0.2V 


2.0 


- 


- 


V 


Vcc for Data Retention 


Vo«i 


r= 

CEjSVcc— 0.2V 


2.0 






V 


Data Retention Current 


ICCDR 1 


Vcc-3.0V, CETS2.8V, 
V,»22.8V or V,„S0.2V 






30* 


?A 


Data Retention Current 


IcCDM 


Vcc-3.0V, CE22VCC-0.2V 






30* 


M 


Chip Deselect to Data Retention Time 


tcDR 




See Retention Waveform 











Operation Recovery Time 


t. 


l»c" 






ns 



» IOiiA mix at 7"o-0'C lo +40'C. V,i min- -0.3V 
*• I. c- Read Cycle Time 



• LOW Vcc DATA RETENTION WAVEFORM 




NOTE: 1. CE, controls^ Address buffer, WE buffer, CEj buffer and D IN 
buffer. If CE, controls data retention mode, Vi N level (address, 
WE, CE, , Diy ) can be in the high impedance state. If CE, con- 
trols data retention mode, V IN level (address, WE, CE 2 , Di /0 ) 
must be V IN ^ V<x-0.2V or V IN £ 0.2V. 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



1 M 
1 



I 

"> 0.6 









7a = 25'C 











































(.5 



5.25 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



b 1.0 









Vcc = 5.0V 











































Supply Voltage Vcc (V) 



20 40 60 60 

Ambient Tempa ralu re Ta I'd 
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HM6117LFP-3, HM61 17LFP-4 



ACCESS TIME vs. 
SUPPLY VOLTAGE 



t li 

i 



j! 03 
S 

s 









r==25t: 


— 









































4.75 SJt 5.25 

Supply Voh.,e Vcc (V) 



ACCESS TIME vs. 
LOAD CAPACITANCE 

































Vcc = MIN 



















100 200 



Led Cptciunce & (pF) 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 









7e = 2S'C 











































4.75 5.0 5.25 

Supply Volt.ge Vcc (V) 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 



1 

1 ... 



I 

P 0.9 

s 

1 „, 

0.7 









Vcc = St>V 











































20 40 60 

Ambient Temperature 7o ("C,< 



SUPPLY CURRENT vs. 
FREQUENCY 



u 0.9 







200ns 


.50ns 


120ns 





















































2 4 6- 

r / (MHz) 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 



1 

£ 0.8 



4.75 5.0 5.25 

Supply Volt.ge Vcc (V) 
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HM6117LFP-3, HM6117LFP-4 



OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 



OUTPUT LOW CURRENT 
v». OUTPUT LOW VOLTAGE 



1 1.2 
I 









7.-251C 

Vcc'SV 











































Output Volnie Vo« (V) 



STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE 



i 
I 



io-' 









Vcc = 3V 
£El = 2.8V 



















Z0 40 
Ambient Temper 



40 60 
1 Tempertlure To ft) 



STAND-BY CURRENT vs. 
INPUT VOLTAGE 



1 
J 

a 6 













Ta«25"C 
Vcc = 5V 








































J 
















4 5 



i 





































Te=25TJ 
Vcc-5V 



















0-2 0.4 0.6 0.8 



Output Vol,.., Vtu (V) 

STAND-BY CURRENT vs. 
SUPPLY VOLTAGE 







































To 

CI 


= 25t 

t-v cc -o.z\ 











5 

Supplj Voltige Vcc (V) 



STAND-BY CURRENT vs. 
INPUT VOLTAGE 











T«=25'C 
Vcc = 5V 
CE|«4.8V 











































Input Voh.,e V,„ (V) 



12 

Input Voluje V,. (V) 
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HM6168H-45, HM6168H-55, ujde' men . 
HM6168H-7O:HM6168HP.45 > Deve0pm9nt 
HM6168HP-55, HM6168HP-70 

4096- word x 4-bit High Speed Static CMOS RAM 
■FEATURES 

• High Speed: Fast Access Time 45/55/70 ns (max.) 

• Single +5V Supply and High Density 20 Pin Package 

• Low Power Standby and Low Power Operation; 

100jiW typ. (Standby), 250mW typ. (Operation) 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible — All Inputs and Outputs 



IFUNCTIONAL BLOCK DIAGRAM 




UOt o 



I/O, o 



HM6168H-45/55/70 



(DG-20) 



HM6168HP-45/55/70 



(DP-20) 



IPIN ARRANGEMENT 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vm 


-3.5* to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.„ 


to +70 


•c 


Storage Temperature (Ceramic) 


T.„ 


-65 to +150 


•c 


Storage Temperature (Plastic) 


T.„ 


-55 to +125 


•c 


Temperature under Bias 




-10 to +85 


•c 





1*] He 




7] Ai 


A. [7 


7] A> 


A, [7 


7TJ Ai 


A.|T 


7] a. 


A. [7 


7] I/O. 


A,.[T 


7] i/o, 


All [7 


T£] I/a 


cs [7 


7] i/o, 


r.NDjJo 


JTJ We 



(Top View) 



* Pulse Width 20ns. DC- -0.5V 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachis Sales Dept. regarding specifications. 
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HM6168HLP-45, HM6168HLP-55, 

HM6168HLP-70 Under Development 



4096- word x 4-bit High Speed Static CMOS RAM 
■FEATURES 



• High Speed: Fast Access Time 45/55/70ns(max.) 

• Single +5V Supply and High Density 20 Pin Package 

• Low Power Standby and Low Power Operation; 

5/iW typ. (Standby), 250mW typ. (Operation) 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible-All Inputs and Outputs 

• Capable of Battery back up Operation 



■ FUNCTIONAL BLOCK DIAGRAM 





w ■ 














(DP-20) 






IPIN ARRANGEMENT 



A.[T 






M\7 




17|ai 


A.[T 




"l8~| A> 


Ai[T 




TtJ a, 


A.(T 




jT] a. 


A,[T 




17] l/Oi 


Aio [~T 




17] i/o. 


An |~a" 




JJ] I/O, 


cs[T 




ITji/o. 


CNpfio" 




711 WE 









(Top View) 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vm 


-3.5' to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


7V 


to +70 




Storage Temperature 


n* 


-55 to +125 




•c 


Temperature under Bias 


Tt, tt 


-10 to +85 


•c 



* Pulse Widlh 20ns. DC- -0.5V 



Note) The I 



HM6167,HM6167-6,HM6167-8, 

HM6167P i HM6167P-6 i HM6167P-8 

16384-word 1 -bit High Speed Static CMOS RAM 



■FEATURES 

• Single +5V Supply and High Density 20 Pin Package 

• Fast Access Time - 70ns/85ns/1 00ns 

• Low Power Stand-by and Low Power Operation 

Stand-by 25mW Typ. and Operating 150mW Typ. 

• Completely Static Memory No Clock nor Refresh Required 

• Fully TTL Compatible - All Inputs and Output 

• Separate Data Input and Output Three State Output 

• Pin-Out Compatible with Intel 2167 Series 

■ BLOCK DIAGRAM 

-tSP 




IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with Respect to GND 


Vr 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature 


T„. 


to +70 


- c 


Storage Temperature( Plastic) 


T.„ 


-55 to +125 


t 


Storage Temperature( Ceramic) 


T.„ 


-65 to +150 


•c 



IRECOMMENDED DC OPERATING CONDITIONS 

( o°c^r ^70'0 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High Voltage 


V.H 


2.2 




6.0 


V 


Input Low Voltage 


V,L 


-0.5 




0.8 


V 



HM6167. HM6167-6, 
HM6167-8 




HM6167P, HM6167P-6, 
HM6167P-8 




IPIN ARRANGEMENT 




(Top View) 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 

■TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Output Pin 


Reference Cycle 


H 


X 


Not Selected 


Isb, Isb 1 


High Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 1, 2 


L 


L 


Write 


Ice 


High Z 


Write Cycle 1, 2 



■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V±10%, Ta=0V: to +70t:) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 




Vcc-5.5V, V,„-0V~Vcc 






2 


»A 


Output Leakage Current 




CS-K», lW-0V~Vcc 






2 


M 


Operating Power Supply Current 


lec 


CS-V/i, Output Open 




30 


60 


mA 




Isb 


CS-V,„ 




5 


20 


mA 


Standby Power Supply Current 


IsBi 


CS-Vcc-0.2V 
K.S0.2V or 2Vcc-0.2V 




0.02 


2 


mA 


Output Low Voltage 


Vol 


Iol" 8mA 






0.4 


V 


Output High Voltage 


Voh 


Ion — — 4mA 


2.4 






V 



Note) Typic.l limits «re al V„-5.0V, Ta-VbX: .nd specified loading. 

■AC TEST CONDITIONS 

Output Load A Output Load B 

Input pulse levels: GND to 3.0V +5V (fort« z , i LZ , t. z & i ») 



Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 




■ CAPACITANCE (Ta=25°C, /=1.0MHz) 



Item 


Symbol 


max 


Unit 


Conditions 


Input Capacitance 


Cm 


5 




V/»-0V 


Output Capacitance 


Cour 


6 


P F 


VW-0V 


Note) This parameter is sampled and not 


100% ttsttd 









■ AC CHARACTERISTICS ( Vcc = 5V± 10%, Ta-0°C to 70°C , unless otherwise noted.) 
•READ CYCLE 



Item 


Symbol 


HM6167.HM6167P 


HM6167-6.HM6167P-6 


HM6167-8, HM6167P-8 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tuc 


70 




85 




100 




ns 


Address Access Time 


Iaa 




70 




85 




100 


ns 


Chip Select Access Time 


tACS 




70 




85 




100 


ns 


Output Hold from Address Change 


toH 


5 




5 




5 




ns 


Chip Selection to Output in Low Z 


Ilz 


5 




5 




5 




ns 


Chip Deselection to Output in High Z 


tm 





30 





40 





40 


ns 


Chip Selection to Power Up Time 


tpu 

















ns 


Chip Deselection to Power Down Time 


tpD 




35 




40 




45 


ns 



HITACHI 



187 



HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 



• WRITE CYCLE 



Item 


Symbol 


HM6167, HM6167P 


HM6167-6, HM6167P-6 


HM6167-8, HM6167P-8 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


70 




85 




100 




ns 


2 


Chip Selection to End of Write 


tew 


55 




65 




80 




ns 




All * r i - i .. r • i c \ i I 

Address Valid to End of Write 


t A W 


55 




65 




80 




ns 




Address Setup Time 


t*s 

















ns 




Write Pulse Width 


twp 


40 




45 




55 




ns 




Write Recovery Time 


twit 

















ns 




Data Valid to End of Write 


tow 


30 




35 




40 




ns 





Data Hold Time 


ton 

















ns 




Write Enable to Output in High Z 


twz 





30 





40 





40 


ns 


3,4 


Output Active from End of Write 


tow 



















3, 4 



Notes) 1. If CS goes high simultaneouly with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4 . This parameter is sampled and not 100% tested. 



• TIMING WAVEFORM OF READ CYCLE N0.1 lhm 



D 


iis _ 

( ) 


( 


10* 






Prerios* D*u Valid 




Dili Valid 



• TIMING WAVEFORM OF READ CYCLE NO,2 1U) 



Hlik I 

D.I. 0.1 



Current 







Ice 



T 



\ Hilt 



NOTES: 1. WE is high and CS is low for READ cycle. _ 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±500mV from steady state voltage with 
specified loading in Load B. 



HITACHI 



-HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 



• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 



Z)( 



Dtu 1 
Dtu 



J 



X 



NOTE: 

• TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled 



1. Transition is measured ±500mV from steady state voltage with 
specified loading in Load B. 









Addnsss ^ 


< ) 


i 



















CS 






t 

tWK 









\ \ \ \ \ \ i 



Data Oui 



2CZZZ 



D.1. In V.lid 



1 



Dan Undefined 



/ High I 



Note) Transition is measured ±500mV from steady state voltage with specified loading in Load B. 



SUPPLY CURRENT vs. SUPPLY VOLTAGE 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE 



E 0.8 









7o = 25t 

















































Vcc = 5.0V 











































4.75 5.0 5.25 

Supply Voltage Vcc (V) 



20 40 

Ambient Temperature Ta CO 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 



ACCESS TIME vs. 
SUPPLY VOLTAGE 









ro=25"C 











































4.75 5.0 5.25 

Supply Voluje Vcc (V) 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 



. IjO 



I- 0.9 



Oil 



0.7 









Vcc = 5.0V 











































20 40 60 80 

Ambient Temper.ture Ta CO 



ACCESS TIME vs. 
LOAD CAPACITANCE 



| W 
•S 0.8 
0.6 

































Vcc = MIN 



















SUPPLY CURRENT vs. 
FREQUENCY 



100 200 300 400 500 

Load Cp.cit«nce Cl (pFI 



Frequency / (MHz) 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 



6 1.1 
I 

* 1.0 

* 0.9 
* 

c 0.8 









7i=2St 











































4.75 5.0 5.25 

Supply Voll.ge Vcc (V) 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 









7o=25 - C 











































4.75 5.0 5.25 

Supply Volnge Vic (V) 



190 



HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 



OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 



OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 



2 1.2 









- 

Vcc=5V 











































Output High Vollege Von (V) 

STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 




Oulput Low Volt.ge Vol (V) 

STANDBY CURRENT vs. 
SUPPLY VOLTAGE 









CS=2.8V 


















20 40 » 


81 



I .3 

£ 















































! 
C 


b=25'C 
S=V'ci-U.2V 












4 





.Ambient Temperature Ta CO 



Supply Volt.g. Vcc (V) 



STANDBY CURRENT vs. 
INPUT VOLTAGE 













Ta = 

Vcc-- 

cs= 


25'C 
= 5.0V 
4.8V 














































J 













1 2 3 4 5 6 

Input VolLge K. (V] 
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HM6167LP, HM6167LP-6, 
HM6167LP-8 



16384-wordxl-bit High Speed Static CMOS RAM 

■ FEATURES 

Single +5V Supply and High Density 20 Pin Package 

Fast Access Time 70ns/85ns/100ns 

Low Power Stand-by and Low Power Operation 

Stand-by 5^W (typ) and Operating 150mW (typ.) 

Completely Static Memory No Clock or Refresh Required 

Fully TTL Compatible All Inputs and Output 

• Separate Data Input and Output Three State Output 

• Capable of Battery Back up Operation 



IBLOCK DIAGRAM 




Memory Array 
128X128 



-Vcc 
■GND 



r> — Oout 



An An A. A. A> A. A, 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with Respect to GND 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T„, 


to +70 


■c 


Storage Temperature 


T.„ 


-55 to +125 


'C 




(DP- 201 



IPIN ARRANGEMENT 




(Top View) 



.RECOMMENDED DC OPERATING CONDITIONS ( °C S Ta£ 70°C ! 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High Voltage 


Vn, 


2.2 




6.0 


V 


Input Low Voltage 


Vn 


-0.5 




0.8 


V 
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HITACHI 



HM6167LP, HM6167LP-6, HM6167LP-8 



ITRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Output Pin 


Reference Cycle 


H 




Not Selected 


Isb, Isbi 


High Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 1, 2 


L 


L 


Write 


Ice 


High Z 


Write Cycle 1. 2 



IDC AND OPERATING CHARACTERISTICS ( Vcc = 5V±\0%, ra=0~ + 70°C ; 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


Uul 


Vcc-5.5V «„-0V~Vcc 






2 


»A 


Output Leakage Current 


\h°\ 


CS-V,», K.,-0V~Vcc 






2 


MA 


Operating Power Supply Current 


Ice 


CS-Vil, Output Open 




30 


60 


mA 




h. 


CS-V,» 




5 


20 


mA 


Standby Power Supply Current 


h„ 


CS-Hc-0.2V 
V,*S0.2V or £ Vcc-0.2V 




1 


50 


MA 


Output Low Voltage 


Vol 


/oi-8mA 








V 


Output High Voltage 


Voh 


/oh— —4mA 


2.4 






V 



Note) Typical limits are al V ec -5.0V, Ta-25'C and specified loading. 

■ AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 



Output Load A 

♦ 5V 
O 



* 480S 



Output Load B 

(for l«2. t LZ , Iwz & low) 

+ 5V 



* Including scope and jig. 



ICAPACITANCE ( Ta=25°CJ= 1.0MHz) 



Item 


Symbol 


max 


Unit 


Conditions 


Input Capacitance 




5 


pF 


K»-0V 


Output Capacitance 


Cout 


6 


pF 


V o „r-0V 



Nolel This 



■ AC CHARACTERISTICS (Ta-0°C to +70°C, V C c = 5V±\0%, unless otherwise noted.) 
•READ CYCLE 



Item 


Symbol 


HM6167LP 


HM6167LP-6 


HM6167LP-8 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


t*c 


70 




85 




100 




ns 


Address Access Time 


Iaa 




70 




85 




100 


ns 


Chip Select Access Time 


t*cs 




70 




85 




100 


ns 


Output Hold from Address Change 


toH 


5 




5 




5 




ns 


Chip Selection to Output in Low Z 


tLZ 


5 




5 




5 




ns 


Chip Deselection to Output in High Z 


Uz 





30 





40 





40 


ns 


Chip Selection to Power Up Time 


tpu 

















ns 


Chip Deselection to Power Down Time 


tpD 




35 




40 




45 


ns 
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HM6167LP, HM6167LP-6, HM6167LP-8 



• TIMING WAVEFORM OF READ CYCLE NO.1 



1),2) 













. ' > 












tOH 1 




Prcvioua Due Valid 


KXX>- 











• TIMING WAVEFORM OF READ CYCLE NO. 2 



D.3) 



in 



<xxx 



NOTES: 1. WE is high and CS is low for READ Cycle. 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±500mV from steady state voltage with 
specified loading B. 



• WRITE CYCLE 



Item 


Symbol 


HM6167LP 


HM6167LP-6 


HM6167LP-8 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


70 




85 




100 




ns 


2 


Chip Selection to End of Write 


tew 


55 




65 




80 




ns 




Address Valid to End of Write 


tAW 


55 




65 




80 




ns 




Address Setup Time 


tAS 

















ns 




Write Pulse Width 


twp 


40 




45 




55 




ns 




Write Recovery Time 


IWR 

















ns 




Data Valid to End of Write 


tow 


30 




35 




40 




ns 




Data Hold Time 


Idh 

















ns 




Write Enable to Output in High Z 


twz 





30 





40 





40 


ns 


3. 4 


Output Active from End of Write 


t ow 

















ns 


3, 4 



Notes) 1. If CS goes high simultaneoul y with WE high, the output remains in a high impedance state. 

2. AH Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 



X 



A 



z 



Y 



X 



Dad Out Dala Undefined 



z 



3c 
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HM6167LP, HM6167LP-6, HM6167LP-8 

► TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled) 



7 



WWW 







)\ 



D.ti Undefined 



— 



ILOW Vcc DATA RETENTION CHARACTERISTICS ( Ta-O'C to 70°C ) 







Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc for Data Retention 


V Dft 


' 


2.0 






V 


Data Retention Current 


/ceo* 


CS2 Vcc— 0.2V 






20* 


0A 


V..2 Vcc-0.2V or 






30" 


Chip Deselect to Data Retention Time 


(CDJt 


0VSV.S0.2V 









ns 


Operation Recovery Time 


tl 










ns 



A I,. -Read Cycle Time 



* Vcc-2.0V 
«* V«-3.0V 



ILOW Vcc DATA RETENTION WAVEFORM 



Data Retention Mode 



HM6167H-45, HM6167H-55, 
HM6167HP-4-5, HM6167HP-S5 



16384-word x 1-bit High Speed Static CMOS RAM 
■ FEATURES 

• Fast Access Time HM6167H/P-45 45ns (max) 

HM6167H/P-55 55ns (max) 

• Low Power Standby and Low Power Operation 

Standby 100/iW (typ). Operating 200mW (typ) 

• Single +5V Supply and High Density 20 Pin Package 

• Completely Static Memory . . . .No Clock nor Refresh Required 

• Fully TTL Compatible All Inputs and Output 

• Separate Data Input and Output Three State Output 



■ BLOCK DIAGRAM 




- Vcc 
■ GND 



r> — Doui 



WE T>-J Aii An At Ai At As As 



HM6167H-45.HM6167H-55 




(DG-20) 



HM6167HP-45, HM6167HP-5S 



40* 



(DP-20) 



i PIN ARRANGEMENT 



' ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with respect to GND 


Vr 


-3.5* to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature (Plastic) 


Tstg 


-55 to +125 


°C 


Storage Temperature (Ceramic) 


Tttg 


-65 to +150 


°C 


Storage Temperature (under bias) 


Tbias 


-10 to +85 


°C 


* Pulse Width 20ns, DC: -0.5V 










RECOMMENDED DC OPERATING CONDITIONS (T a = to +70 C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


VlH 


2.2 




6.0 


V 


VlL 


-3.0* 




0.8 


V 




(Top View) 



* Pulse Width: 20ns, DC: V IL (min) ■ -0.5V 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 



i TRUTH TABLE 



CS 


WE 


Mode 


V C c Current 


Dout Pin 


Rel. Cycle 


H 


X 


Not selected 


/sa. /ssi 


High-Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


High-Z 


Write Cycle 



IDC AND OPERATING CHARACTERISTICS (V C c-5V±10%, Ta—OXi to + 70TJ) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


\h, i 


Vcc-5.5V. V,„-0\~Vcc 






2 


MA 


Output Leakage Current 


I /to I 


CS-V,„, Vout-0V~Vcc 






2 


M 


Operating Power Supply Current 


lec 


CS- Vn. Output Open 




40 


80 


mA 




I SB 


CS - Vih 




10 


20 


mA 


Standby Power Supply Current 



Is., 


CS^Vcc-0.2V 

Vi„S0.2V or 2Vcc-Q.1V 
i — , 




0.02 


2 


mA 


Output Low Voltage 


Vol 




• 




0.4 


V 


Output High Voltage 


VOH 


/oh — — 4 mA 



2.4 






V 



Note) Typical limits an .1 V«-S.0V. 7.-25C and specified losing. 



■AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 



Output Load A 

<-SV 




30 F 



* Including scope and jig. 



Output Load B 

( for Ihz. t L !, Iwz 4 lorn) 



Dout O- 



• Including scope and 



ICAPACITANCE (Ta=25*C, /=1.0MHz) 



Item 


Symbol 


typ 


max 


Unit 


Conditions 


Input Capacitance 


C,s 


3 


5 


pF 


V,„-0V 


Output Capacitance 


CoUT 


5 


7 


pF 


Voor-OV 


Not*) This parameter is san 


pled and not 


100% tested. 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 



■ AC CHARACTERISTICS ( Vcc«5V + 10%, Ta-O'C to 70'C, unless otherwise noted.) 
•READ CYCLE 



Item 


Symbol 


HM6167H/P-45 


HM6167HP-55 


Unit 


Notes 


min 


max 


min 


max 


Read Cycle Time 


!RC 


45 




55 




ns 


(1) 


Address Access Time 


tAA 




45 




55 


ns 




Chip Select Access Time 


'ACS 




45 




55 


ns 




Output Hold from Address Change 


tOH 


5 




5 




ns 




Chip Selection to Output in Low Z 


ihi 


5 




5 




ns 


(2) (3) (7) 


Chip Deselection to Output in High Z 


tHZ 





30 





30 


ns 


(2) (3) (7) 


Chip Selection to Power Up Time 


tpu 












ns 




Chip Deselection to Power Down Time 


tPD 




30 




30 


ns 


' 


NOTES: 1. All Read Cylce timing are 


referenced from last valid address to the first transitioning ad 







2. At any given temperature and voltage condition, t HZ max. is less than t LZ min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. WE is High for READ cycle. 

5. Device is continuously selected, CS = Vj L . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 



• TIMING WAVEFORM OF READ CYCLE N0.1 4 >- 5 > 

>RC- 



Address 



_ Previous Data 
Data Out Valid 



f AA - 

— 'OH— 1 

^!XXXX 



• TIMING WAVEFORM OF READ CYCLE N0.2 4 ). 6 ) 



CS 



-'RC 



— 'Acs- 



Data Out 



High Impedance 



fee 

v« Supply 

Current 7 SB 



i l v 

iedaace~T /y \J\f 



Data Valid 



50% 
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WRITE CYCLE 



HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 



Item 


Symbol 


HM6167H/P-45 


HM6167H/P-55 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


twc 


45 




55 




ns 


W 


Chip Selection to End of Write 


tew 


40 




50 




ns 




Address Valid to End of Write 


tAW 


40 




50 




ns 




Address Setup Time 


MS 












ns 




Write Pulse Width 




25 




35 




ns 




Write Recovery Time 


tWR 












ns 




Data Valid to End of Write 


tDW 


25 




25 




ns 




Data Hold Time 


tDH 


0-0 




Write Enable to Output in High Z 


twz 





25 





25 


ns 


(3) (4) 


Output Active from End of Write 


tow 












ns 


(3) (4) 



NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All write cycle timings are referenced from the last valid address to the fust transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 



• TIMING WAVEFORM OF WRITE CYCLE (WE Controled) 



Address 

CS 



Data In 



5 


_ t wc 




( ) 


< 


\\ 


'CW 1 

\ i 


V 


//J 






\w — ; 

'WP 






vo 


>DW 


{ 

'dh 


x 


Data In Valid 


)( 



y-'wz-\ 



Data Out Data Undefined 



— >ow — I 



High Impedance 



• TIMING WAVEFORM OF WRITE CYCLE (CS Controled) 

'wc 



Address ) ( 
CS - 



'AS I 



r cw 



'AW 



WE 



Data In 



Data Out 



\ \ \ \ \ \ 



'wp- 



'DW 



'WR 



/ / / / 



Data In Valid 



'PH . 



<wz 



Data Undefined 



igh Impedance 



HM6167H-45, HM6167H-55, HM6167HP-45, HM6 167HP-55 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 









Ta=25'C 











































Supply Voltage Vcc (V) 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 









Vcc —5.0V 











































40 60 
fcient Temperature 7a CO 



ACCESS TIME vs. 
SUPPLY VOLTAGE 









7i = Z5'C 











































4.75 5.0 5.Z5 

Supply Voltage Vcc (V) 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 

1.3r 



E 1.1 









Vcc - 5.0 V 











































20 40 60 

Ambient Temperature Ta CO 



ACCESS TIME vs. 
LOAD CAPACITANCE 




200 300 400 

Load Capacitance Ct (pF) 



SUPPLY CURRENT vs. 
FREQUENCY 

200 100 66 




Frequency / (MHz) 



HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 



INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 

SUPPLY VOLTAGE SUPPLY VOLTAGE 




Supply Volt.ge Vcc (V) s „ pp i y Volt.ge Vcc (V) 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



& 1. 



£ 1.0 









Ta = 2S'C 
Vcr=5V 










































i 


3 





OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



<3 
I 
.3 

8 0.6 

































7i=25"C 
Vcc=5V 



















Output High Voluge Von (V) 



Lo» Volt.ge Vol (V) 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 



io-« 









Vcc=3V 
CS=2.8V 



















20 40 60 

Ambient Tempenture Ta CO 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 







































Ta 


= 25'C 

= Vcc-0.2V 











4 5 
Supply Voltage Vcc (V) 



201 



HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 
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<& HITACHI 



HM6167HCG- 45, HM6167HCG-55 



1 6384-word xi -bit High Speed Static CMOS RAM 



IFEATURES 

i High Density 20 pin Leadless Chip Carrier 
i High Speed: Fast Access Time 45/55ns Max. 
i Low Power Standby and Low Power Operation 

Standby: 100juW typ., Operation: 200mW typ. 
' Completely Static Memory; 

No Clock or Timing Strobe Required 

> Equal Access and Cycle Times 

> Directly TTL Compatible; All Inputs and Output 

IBLOCK DIAGRAM 




Memorv Array 



Column Decoder 



mm? 

An Aio A* Ai A7 Ae As 



IABSOLUTE MAXIMUM RATINGS 





























(CG-20) 





■Vcc 
-GND 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin* 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.,. 


to +70 


- c 


Storage Temperature 


T.„ 




•c 


Temperature Under Bias 


T>„. 


-10 to +85 


"C 



■ PIN ARRANGEMENT 

r Aq Ai 



An Vcc Ao Ai 

U U II U V 



3CA. 
CM 
5C A. 



An D18 
An 317 
Aio 3\6 
A, 315 
A. H14 
A. Hl3 



12 11 10 9 

N npriQ r 

Din CSCNDWE 
(Bottom View) 



8C 



* with respect to GND. 



-3.5V (Pul.e width 20ns) 



ITRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not selected 


I SB, /sfll 


High-Z 




L 


H 


Read 


/cc 


Dout 




Read Cycle 


L 


L 


Write 


Ice 


High-Z 


Write Cycle 
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HM61 67HCG-45, HM61 67HCG-55 

■ RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.S 


V 


GND 











V 


Input Voltage 


V,H 


2.2 




6.0 


V 


V, L 


-0.5- 




0.8 


V 



* -3.0V (Pulse width 20ns) 



IDC AND OPERATING CHARACTERISTICS (Vcc = 5V ±10%, Ta = to + 70°C) 





Item 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


l/ul 


Vcc-5.5V, V,„-0V to Vcc 






2 


M 


Output Leakage Current 




CS- Vn. Vour-OV to Vcc 






2 


M 


Operating Power Supply Current 


Ice 


CS — W, Output Open 




40 


80 


mA 




Standby Power Supply Current 


ha 


CS — Vih 




10 


20 


mA 


I SB 1 


CSaV C c-0.2V, V,„S0.2V or V,»aVcc-0.2V 




20 


2000 


M 


Output Voltage 


Vol 


loi = 8mA 






0.4 


V 


Voh 


/oh=" — 4mA 


2.4 


^ 




V 


Note) * : Typical limits are at Vcc = 5.0V, Ta-25'C and specified loading. 

■ CAPACITANCE (Ta=25°C, /=lMHz) 


Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


v;.-ov 


3 


5 


P F 


Output Capacitance 






v.., -ov 


5 


7 


pF 



■ AC CHARACTERISTICS (Vcc = 5V ±10%. Ta-0 to ±70"C) 

• AC TEST CONDITIONS Output Load A 

Input Pulse Levels: GND to 3.0V *« 
Input Rise and Fall Times: 5 ns 
Output Reference Levels: 1.5V 



Output Load B 

( for tiiz, tL2. twz & tow) 



* Including scop* and jig. 



•READ CYCLE 



+ 5V 

9 



^ 4802 



Item 


Symbol 


HM6167HCG-45 


HM6167HCG-55 


Unit 


Notes 


min 


max 


min 


max 


Read Cycle Time 


tm 


45 




55 




ns 1 


Address Access Time 


Iaa 




45 




55 


ns 




Chip Select Access Time 


tkCS 




45 




55 


ns 




Output Hold from Address Change 


ton 


5 




5 




ns 




Chip Selection to Output in Low Z 


Ilz 


5 




5 




ns 


2.3.4 


Chip Deselection to Output in High Z 


Ihz 





30 





30 


ns 


2,3,4 


Chip Selection to Power Up Time 


tpv 












ns 




Chip Deselection to Power Down Time 


IPD 




30 




30 


ns 





Notes) 1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition. Ihz max is less than t L z min both for a given device and from device to device. 

Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
4 . This parameter is sampled and not 100% tested. 



HM6167HCG-45, HM6167HCG-55 



• Read Cycle-1 (Notes 1, 2) 



Previous 
Data Valid 



• Read Cycle-2 (Notes 1, 3) 



xzxx 







xz 



a 



Vcc Supply 
Current 



> 



High Impedance 



Notes) 1. WE is high [or Read Cycle. 

2. Address valid prior to or coincident with CS transition low. 

3. Transition is measured ±500mV from steady state voltage with 



loading in Load 1 



• WRITE CYCLE 



Item 


Symbol 


HM6167HCG-45 


HM6167HCG-55 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


(wc 


45 




55 




ns 


2 


















Chip Selection to End of Write 


tew 


40 




50 




ns 






Address Valid to End of Write 


ttw 


40 




50 




ns 




Address Setup Time 


tAS 












ns 




Write Pulse Width 


twr 


25 




35 




ns 




Write Recovery Time 


tirjt 












ns 




Data Valid to End of Write 


(OW 


25 




25 




ns 




Data Hold Time 


tDH 












ns 




Write Enable to Output in High Z 


twz 





25 





25 


ns 


3. 4 


Output Active from End of Write 


tow 












ns 


3,4 



s) 1. If CS goes high simultaneouly with WE high, the output remains in a high impei 

2. All Write Cycle timings are referenced from the last valid address to the first 

3. Transition is measured ±500mV from steady state voltage with specified loading 

4 . This parameter is sampled and not 100% tested. 
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HM6167HCG-45, HM6167HCG-55 
• Write Cycle-1 (WE Controlled) 



We 



• Write Cycle-2 (CS Controlled) 



xz 



www 



JUL. 



\ Undefined 



\ 

Z) 


twc 

( ; 


K 


w 


^ 1 




/// 




lis 




III 






(£>■ 






)? 


D»ti In Valid 


)( 

low 




/ Hinh Impedance 


— r 



7 



iCZZZ 
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HM6167HLP-4S, HM6167HLP-55 



16384-word x 1-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast Access Time HM6167HLP-45 45ns (max) 

HM6167HLP-55 55ns (max) 

• Low Power Standby and Low Power Operation 

Standby 5mW (typ) and Operating 200mW (typ) 

• Capable of Battery Back-up Operation 

• Single +5V Supply and High Density 20 Pin Package 

• Completely static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible All Inputs and Output 

■ BLOCK DIAGRAM 




Memory Array 
128X128 



-Vrc 
■ GND 



Column I/O 



num 

An Aio Ai Ai Aj Ai As 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with respect to GND 




-3.5* to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°c 


Storage Temperature 


T,ti 


-55 to +125 


°c 


Storage Temperature Under Bias 


Tbias 


-10 to +85 


°c 




i PIN ARRANGEMENT 




(Top Vie.) 



■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


VlH 


2.2 




6.0 


V 


V, L 


-3.0* 




0.8 


V 



* Pulse Width 20ns, DC: V IL min = -0.5V 
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HM6167HLP-45, HM6167HLP-55 
■ TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not selected 


I sb, Isbi 


High-Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


High-Z 


Write Cycle 



■ DC AND OPERATING CHARACTERISTICS ( Vcc = 5V ± 10%, Ta-0~-r 


/U O } 






Item 


Symbol 


Test Conditions 


min 


typ 




Unit 


Input Leakage Current 




Vcc-5.5V V,»-0V-Vcc 






2 


A»A 


Output Leakage Current 


|/«l 


CS-V,», V.,-0V~Vcc 






2 


M 


Operating Power Supply Current 


Ice 


CS - V,l. Output Open 




40 


80 


mA 




hs 


CS - Vih 




10 


20 


mA 


Standby Power Supply Current 


hm 


CS - Vcc — 0.2 V 
V„S0.2V or 2 Vcc-0.2V 




1 


50 


MA 


Output Low Voltage 


Vol 


/ot~8mA 






0.4 


V 


Output High Voltage 


Vo„ 


Ion — —4 mA 


2.4 


— 




v 


Note) Typical limits ire at V c c-5.0V. To-25'C and spe< 


ified loading. 











■AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 



Output Load A 



Output Load B 

(for ln2, Ilz, twz & fo«) 
+5V 



Doul O- 



J 480C 



■ CAPACITANCE ( To-25°C,/-1.0MHz) 



* Including scope and jig. 



* Including scope and jig. 



Item 


Symbol 


typ. 


max 


Unit 


Conditions 


Input Capacitance 


Cm 


3 


5 


pF 


V,»-0V 


Output Capacitance 


Cot/T 


5 


7 


pF 


V o „r-0V 



Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (Ta-O'C to +70"C, Vcc = 5V± 10%, unless otherwise noted.) 
•READ CYCLE 



Item 


Symbol 


HM6167HLP-45 


HM6167HLP-55 


Unit 


Notes 


min 


max 


min 


max 


Read Cycle Time 


IRC 


45 




55 




ns 


(1) 


Address Access Time 


'AA 




45 




55 


ns 




Chip Select Access Time 


'ACS 




45 




55 


ns 




Output Hold from Address Change 


tOH 


5 




5 




ns 




Chip Selection to Output in Low Z 


tLZ 


5 




5 




ns 


(2) (3) (7) 


Chip Selection to Output in High Z 


tHZ 





30 





30 


ns 


(2) (3) (7) 


Chip Selection to Power Up Time 


1PU 












ns 




Chip Deselection to Power Down Time 


IPD 




30 




30 


ns 





NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, t HZ max. is less than l LZ min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
WE is High for READ cycle. 

5. Device is continuously selected, CS = V lL . _ 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
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-HM6167HLP-45, HM6167HLP-55 



• TIMING WAVEFORM OF READ CYCLE NO. 1 4) 5) 

Irc 



X 



—'oh- 



-'aa- 



X 



Data Valid 



• TIMING WAVEFORM OF READ CYCLE NO. 2 4) 6) 



CS 



Data Out 



High Impedance 



-<RC- 



-'ACS- 



^XXX 



Data Valid 



High Impedance 




• WRITE CYCLE 



Item 


Symbol 


HM6167HLP-45 


HM6167HLP-55 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


twc 


45 




55 




ns 


(2) 


Chip Selection to End of Write 


tew 


40 




50 




ns 




Address Valid to End of Write 


'aw 


40 




50 




ns 




Address Setup Time 


'AS 












ns 




Write Pulse Width 


twp 


25 




35 




ns 




Write Recovery Time 


tWR 












ns 




Data Valid to End of Write 


IDW 


25 




25 




ns 




Data Hold Time 


tDH 












ns 




Write Enable to Output in High Z 


twz 





25 





25 


ns 


(3) (4) 


Output Active from End of Write 


tow 












ns 


(3) (4) 



NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 



Address 




Dout 
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HM6167HLP-45, HM6167HLP-55 



• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 



Address 



-'wc- 



-'aw- 



cs 



WE 



Dout 



-<cw- 



— 



1 



'wp- 



<DW- 



>WR- 



X 



i 



Data in Valid 



l DH 



X 



-<wz- 



~\ High Impedanc 



ILOW Vcc DATA RETENTION CHARACTERISTICS ( Ta-0"C to 70*C ) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc for Data Retention 


fa 




2.0 






V 


Data Retention Current 


IcCDR 


CSS Vcc - 0.2V 






20' 


M 


V..S Vcc-0.2V or 






30" 


Chip Deselect to Data Retention Time 


I CD* 


OVS V..S0.2V 









ns 


Operation Recovery Time 


In 




luc" 1 






ns 



A Itr-Retd Cycl« Tim 



• LOW Vcc DATA RETENTION WAVEFORM 

Data Retention Mode 




• fcc-2.0V 
»* Vcr-3.0V 



CS 2 Vcc -0.2V 
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HITACHI 



HM6264P-10, HM6264P-12, 
HM6264P-15 



8192-word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast access Time 100ns/120ns/1 50ns (max.) 

• Low Power Standby Standby: 0.1 mW (typ.) 
Low Power Operation Operating: 200mW (typ.) 

• Single +5V Supply 

• Completely Static Memory No clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Common Data Input and Output, Three State Output 

• Directly TTL Compatible: All Input and Output 

• Standard 28pin Package Configuration 

• Pin Out Compatible with 64K EPROM HN482764 

■ BLOCK DIAGRAM 

*. o 

»ftc 

OCNU 



cs, o— 

CS.O- 



Ti«ii(i( PuIjs C*h. 
rU.d.Wrne Contra) 



r2 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


VT 


-0.5 ** to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


7stg 


-55 to +125 


°C 


Storage Temperature (Under Bias) 




-10 to +85 


°C 



* With respect to GND. 
■ TRUTH TABLE 



** Pulse width 50ns: -3.0V 








■ PIN ARRANGEMENT 




(Top View) 



WE 


cs; 


CS 2 


OE 


Mode 


I/O Pin 


V cc Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


/SB, /SB1 




X 


X 


L 


X 


HighZ 


/SB, /SB2 





H 


L 


H 


H 


Output Disabled 


HighZ 


/CC, /CC1 




H 


L 


H 


L 


Read 


Dout 


/CC, /CC1 




L 


L 


H 


H 


Write 


Din 


/CC, /CC1 


Write Cycle (1) 


L 


L 


H 


L 


Din 


/CC, /CC1 


Write Cycle (2) 



X : Don't care. 



211 



HM6264P-10, HM6264P-12, HM6264P-15 



RECOMMENDED DC OPERATING CONDITIONS (T a = to +70 C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 




Vm 


2.2 




6.0 


V 


Input Voltage 


Vil 


-0.3* 




0.8 


V 



* Pulse Width 50ns: -3.0V 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current 


I/Z./I 


K,„=GND to Vcc 






2 


mA 


Output Leakage Current 


l/LOl 


CS1= Vm or CS2= Vil or OE = Vm. K//o=GND 
to Vcc 






2 


uA 


Operating Power Supply Current 


Ice 


CSI=Vil, CS2=K/H. 7//o=0mA 




40 


80 


mA 


Average Operating Current 


Icci 


Min. cycle, duty=100%, CS\=Vil, CS2=V jh 




60 


110 


mA 




ISB 


CST=K/ H or CS2= Vjl, ///o=0mA 




l 


3 


mA 


Standby Power Supply Current 


fSBl** 


CSl^cc-0.2V, CS2^^cc-0.2Vor CS2^0.2V 




0.02 


2 


mA 




ISB2** 


CS2^0.2V 




0.02 


2 


mA 


Output Voltage 




Vol 


/OL = 2.1mA 






0.4 


V 


Voh 




/OH=-1.0mA 


2.4 






V 



** ^tmin=-0.3V 

■ CAPACITANCE (f= 1MHz, T a = 25°C) 



Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


On 


Vin = 0V 




6 


PF 


Input/Output Capacitance 


Ci/o 


Vno = OV 






pF 



Note) This parameter is sampled and not 100% tested. 
■ AC CHARACTERISTICS {V cc = 5V±10%, Ta = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10ns 

Input and Output Timing Reference Level: 1 ,5V 

Output Load: 1TTL Gate and C/_ = lOOpF (including scope and jig) 



Item 





Symbol 


HM6264P-10 


HM6264P-12 


HM6264P-15 


Unit 




min 


max 


min 


max 


min 


max 


Read Cycle Time 




tRC 


100 




120 




150 




ns 


Address Access Time 


tAA 




100 




120 




150 


ns 


Chip Selection to Output 


CS1 


'COl 




100 




120 




150 


ns 


CS2 


<C02 




100 




120 




150 


ns 


Output Enable to Output Valid 


tOB 




50 




60 




70 


ns 


Chip Selection to 


CS1 


'LZ1 


10 




10 




15 




ns 


Output in Low Z 


CS2 


tLZ2 


10 




10 




15 




ns 


Output Enable to Output in Low Z 


tOLZ 


5 




5 




5 




ns 


Chip Deselection to 


CS1 


tHZl 





35 





40 





50 


ns 


Output in High Z 


CS2 


'HZ2 





35 





40 





50 




ns 


Output Disable to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


tOH 


10 




10 




15 




ns 



NOTES: 1 t HZ and t OHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 

2 At any given temperature and voltage condition, tHZ max is less than t LZ min both for a given device and from 
device to device. 
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HM6264P-10, HM6264P-12, HM6264P-15 



• READ CYCLE 



Address 



X 



-'rc- 



CS1 



CS2 



mwwwww 



f AA- 



-'coi- 



A 



-'lzi- 



w////////m r 



'C02- 



- l HZl- 



1 



-t LZ 2- 



o- E \\\\\\\\\\\\\\\\\\\\\\\V r 



-'OE 



-'OLZ- 



-'HZ2- 



II 



7777777/71, 



Dout- 



NOTE: 1) WE is high for Read Cycle 



•<X>( 



->OHZ- 



Data Valid 



)®- 



• WRITE CYCLE 



Item 





Symbol 


HM6264P-10 


HM6264P-12 


HM6264P-15 


Unit 




min 


max 


min 


max 


min 


max 


Write Cycle Time 


'wc 


100 




120 




150 




ns 


Chip Selection to End of Write 


<cw 


80 




85 




100 




ns 


Address Setup Time 


'AS 

















ns 


Address Valid to End of Write 


'aw 


80 




85 




100 




ns 


Write Pulse Width 


'wp 


60 




70 




90 




ns 


Write Recovery Time 


CSl.WE 


'WRl 


5 




5 




10 




ns 


CS2 


'WR2 


15 




15 




15 




ns 


Write to Output in High Z 


'WHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


'dw 


40 




50 




60 




ns 


Data Hold from Write Time 


'dh 

















ns 


OE to Output in High Z 


'OHZ 





35 





40 





50 


ns 


Output Active from End of Write 


'ow 


5 




5 




10 




ns 
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HM6264P-10, HM6264P-12, HM6264P-15 



• WRITE CYCLE (1) (OE clock) 



- y//////// ///// 



WE '',,.[3; 



[4] 



[6] "ci 



wnwww 



www 



Wis) 



W/////////A 



>>»»»?)» > 



• WRITE CYCLE (2) (OE Low Fix) 



WE 



'„i!2l 




NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends arthe earliest transition 
among CS1 going high, CS2 going low and WE going high. t WP is 
measured from the beginninng of w rite to the end of write. 

2) 'cff is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) 'as is measured from the address valid to the beginning of write. 

4) twR is measured from the end of wr ite t o the address change. 
l WRl applies in case a write ends at CS1 or WE going high. 
*WR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputsmust not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is in the same phase of written data of this cycle. 

8) Dout is the read data of the new address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HITACHI 



HM6264LP-10, HM6264LP-12 
HM6264LP-1S 



81 92 -word x 8-bit High Speed Static CMOS RAM 
■ FEATURES 

• Fast access Time 100ns/120ns/150ns (max.) 

• Low Power Standby Standby: 0.01mW(typ.) 
Low Power Operation Operating: 200mW (typ.) 

• Capability of Battery Back-up Operation 

• Single +5V Supply 

• Completely Static. Memory No clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Common Data Input and Output, Three State Output 

• Directly TTL Compatible: All Input and Output 

• Standard 28pin Package Configuration 

• Pin Out Compatible with 64K EPROM HN482764 



i BLOCK DIAGRAM 

*° H}£: 

•J 

1*= 



Munory M«!ri 

256XZ56 



Uluwi IJecndtr 



FU.d.Wru* Conirol 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


Vt 


-0.5 »* to +7.0 


V 


Power Dissipation 


PT 


1.0 


w 


Operating Temperature 


7opr 


to +70 


°c 


Storage Temperature 


T*tg 


-55 to +125 


°c 


Storage Temperature (Under Bias) 


Fbias 


-10 to +85 


°c 



' With respect to GND. 
■ TRUTH TABLE 



** Pulse width 50ns: -3.0V 




■ PIN ARRANGEMENT 



NC (T 




28] KCC 


A,,|T 




27] WE 


A,|T 




26] CS, 


A 6 [T 




25] A, 


A S (T 




24] A, 


A 4 [T 




bJa,, 


A 3 [T 




22] OE 


A, (7 




2l]A, 


A,[? 




20] CS, 


A [Io 




rji/o, 


i/o,(u 




j|] I/O, 


1/0,(72 




n] i/o 6 


I/0 3 (l3 




Ti] i/o s 


GND[l4 




15] I/O, 



(Top View) 



WE 


cs; 


CS, 


OE 


Mode 


I/O Pin 


V cc Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


High Z 


/SB, /SB1 




X 


X 


L 


X 


High Z 


/SB, /SB2 




H 


L 


H 


H 


Output Disabled 


High Z 


/CC, /CC1 




H 


L 


H 


L 


Read 


Dout 


/CC./CC1 




L 


L 


H 


H 


Write 


Din 


/CC, /CC1 


Write Cycle (1) 


L 


L 


H 


L 


Din 


/CC, /CC1 


Write Cycle (2) 



X : Don't care. 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 

■ RECOMMENDED DC OPERATING CONDITIONS (T„ = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 




6.0 


V 


VlL 


-0.3* 




0.8 


V 



* Pulse Width 50ns: -3.0V 
i DC AND OPERATING CHARACTERISTICS {V CC = 5V±10%, GND = 0V, T a = to +70°C) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current 


l/L/l 


Vin=GHD to Vcc 






2 


uA 


Output Leakage Current 


i/toi 


CS1=K/h or CS2=^;l or OE=f/H, K//o=GND 

to Vcc 






2 




Operating Power Supply Current 


Ice 


CS\ = VlL. CS2=V m , ///o=0mA 




40 


80 




mA 


Average Operating Current 


Icci 


Min. cycle, duty=100%, CSI^/l, CS2=^/ W 




60 


110 




mA 




ISB 


CS1=Vih or CS2= Vil, /;/o=0mA 




1 


3 


mA 


Standby Power Supply Current 


ISBl** 


CSl^Kcc-0.2V, CS2^Kcc-0.2Vor CS2^0.2V 




2 


100 


mA 




ISB2** 


CS2g0.2V 




2 


100 


ma 


Output Voltage 


Vol 


/OL=2.1mA 






0.4 


V 


VOH 


/OH=-1.0mA 


2.4 






V 



* Typical limits are at Ccc=5.0V, r =25°C and specified loading. 
** V 1L min=-0.3V 



■ CAPACITANCE (/= 1MHz, T a = 25°C) 



Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


Cin 


V in = 0V 




6 


pF 


Input/Output Capacitance 


Ci/o 


Vuo = ov 




8 


pF 



Note) This parameter is sampled and not 100% tested. 
■ AC CHARACTERISTICS {V cc = 5V±10%, Ta = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10ns 

Input and Output Timing Reference Level: 1.5V 

Output Load: 1TTL Gate and C L = 100pF (including scope and jig) 





Item 


Symbol 


HM6264LP-10 


HM6264LP-12 


HM6264LP-15 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


100 




120 




150 




ns 


Address Access Time 


<AA 




100 




120 




150 


ns 


Chip Selection to Output 


CS1 


tcoi 




100 




120 




150 


ns 


CS2 


'CO 2 




100 




120 




150 


ns 


Output Enable to Output Valid 


tOE 




50 




60 




70 


ns 


Chip Selection to 
Output in Low Z 


CS1 


tLZl 


10 




10 




15 




ns 


CS2 


tLZ2 


10 




10 




15 




ns 


Output Enable to Output in Low Z 


tOLZ 


5 




5 




5 




ns 


Chip Deselection to 
Output in High Z 


CS1 


tHZl 





35 





40 





50 


ns 


CS2 


<HZ2 





35 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


tOH 


10 




10 




15 




ns 



NOTES: 1 t HZ and t OHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 

2 At any given temperature and voltage condition, tHZ max is less than t LZ min both for a given device and from 
device to device. 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 

• READ CYCLE 





■ tRC 




Address ^ 


< ) 


( 




— <AA 


1 






^WWWWWWWW* 


'coi — 


L //l, 


//////////// 




- <LZ1 








— <HZ1 




'C02 










— tl,7_0 m- 




\ 












— 'OE- 




l HZ2 




-wwwwwwwwwwww 


% 


'//////// 


'III 












— <OHZ — 






V uata vauo 





NOTE : 1) WE is high for Read Cycle 



• WRITE CYCLE 



Item 




Symbol 


HM6264LP-10 


HM6264LP-12 


HM6264LP-15 


Unit 




min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


100 




120 




150 




ns 


Chip Selection to End of Write 


tew 


80 




85 




100 




ns 


Address Setup Time 


tAS 

















ns 


Address Valid to End of Write 


tAW 


80 




85 




100 




ns 


Write Pulse Width 


tWP 


60 




70 




90 




ns 


Write Recovery Time 


CS1, WE 


tWRl 


5 




5 




10 




ns 


CS2 


tWR2 


15 




15 




15 




ns 


Write to Output in High Z 


tWHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


tDW 


40 




50 




60 




ns 


Data Hold from Write Time 


tDH 

















ns 


OE to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 




5 




10 





ns 



1 L 




HM6264LP-10, HM6264LP-12, HM6264LP-15 



. WRITE CYCLE (1) (OE clock) 



— <WC 



Address 



- -H 



CS1 



CS2 

WE 



[4] 



'cwi- 



'WRi 



X 



v///////, 



'CW 2- 



'OHZIS] 



Bout ) )))))))))))> >DW 

Din 



• WRITE CYCLE (2) 



Address 



WE- 



jlfRJ [4] 



'CW2W f^Hg |4] 



jfw^RJ [4] 



[51 



pout )))}))))}y^ 



-'DW 



l OH- 



Din- 



'dh- 



[7] 



[9] 



[8] 



NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CS1 going high, CS2 going low and WE going high, fn/p is 
measured from the begrnninng of write to the end of write. 

2) few > s measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) 'as 's measured from the address valid to the beginning of write. 

4) t wr is measured from the end of write to the address change. 
{ WR1 applies in case a write ends at CS1 or WE going high. 

t wr 2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is in the same phase of written data of this cycle. 

8) Dout is the read data of the new address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 



■ LOW V CC DATA RETENTION CHARACTERISTICS (T a = to +70 °C) 



ft ■■■■ 

Hon 




i csi v,unuiuun 




typ 




Unit 


V cc for Data Retention 


V DR\ 


CSli V cc - 0.2V,CS2gK cc - 0.2V or CS2g0.2V 


2.0 






V 


V DR2 


CS2 < 0.2V 


2.0 






V 


Data Retention Current 


! CCDR1 


V cc = 3.0V, CST > V cc - 0.2V, 
CS2 g V cc - 0.2V or CS2 g 0.2V 




1 


so* 


MA 


l CCDR2 


Vcc = 3.0V, CS2g 0.2V 




1 


50* 


M 


Chip Deselect to Data Retention 
Time 


r CDR 


See Retention Waveform 









ns 


Operation Recovery Time 


'R 




'RC** 






ns 



* V lL min = -0.3V 

* t RC = Read Cycle Time 



• LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 




• LOW V cc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 




0V 



NOTE: CS, controls Address buffer, WE buffer, CS, buffer and Din buffer. If 
CS, controls data retention mode, Vin level (Address, WE, CS, , I/O) can 
be in the high impedance state. If CS, controls data retention mode, CS, 
must be CS,^Vcc-0.2V or CS,g0.2V. The other inputs level (address, 
WE, I/O) can be in the high impedance state. 
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HM4716A-1.HM4716A-2, 
HM4716A-3.HM4716A-4 



HM4716AP-1.HM4716AP-2, 
HM4716AP-3.HM4716AP-4 



HM4716A-1, HM4716A-2, 

HM4716A-3, HM4716A-4, 
HM4716AP-1, HM4716AP-2, 
HM4716AP-3, HM4716AP-4 

1 6384- word x 1 -bit Dynamic Random Access Memory 

The HM4716A is a 16,384 word by 1 bit MOS random access 
memory circuit fabricated with HITACHI'S double poly N-channel 
silicon gate process for high performance and high functional 
density. The HM4716A uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. Multiplexed address inputs permit the HM4716A to be 
packaged in a standard 16 pin DIP on 0.3 inch centers. This package 
size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. The HM4716A 
is designed to facilitate upgrading of the 16-pin 4K RAM. However, 
the data output latch incorporated in the present 4K design is not 
appropriate for 16K RAM's. This new generation of memory 
products (16K RAM's) requires a slightly modified output stage to 
allow more system flexibility. Instead of the conventional latch, the 
HM4716A output is controlled by the Column Address Storobe 
(CE). Data out of the HM4716A will remain valid from the access 
time from the Column Address Strobe until CE goes into precharge 
logic 1 ). However, in early write cycles (W active low before CE goes 
low), the data output will remain in the high impedance (open- 
circuit) state throughout the entire cycle. This type of output 
operation results in some very significant system implications. 

1. Common I/O Operation 

If all write operation are handled in the "early write" mode, then 
data in can be connected directly to data-out on a printed circuit 
board. 

2. Data Output Control 

Data will remain valid at the output during a read cycle from 
TCELQV until CE returns to precharge. 

This allows data to be valid from one cycle up until a new memory 
cycle begins. 

3. Two Methods of Chip Selection 
Both CE and/or RE can be decoded for chip selection. 

4. Refresh 

Refreshing can be accomplished every 2 ms by either of the two 
following methods: 

(1) normal read or write cycles on 128 addresses, AO to A6. 

(2) RE only cycles on 128 addresses, AO to A6. 
A write cycle will refresh stored data on all bits of the selected row 
except the bit which is addressed. 

RE only refreshes results in a substantial reduction in operating 
power. 

5. Page Mode Operation 

The HM4716A is designed for page mode operation. 




(DG-16A) 



(DP-16) 



■ PIN ARRANGEMENT 




(Top View) 



Old 


New 


Definitions 


Ao - A« 


A0-A6 


Address Inputs 


CAS" 


CE 


Column Address 
Strobe 


D,™ 


D 


Data In 


DoUT 


Q 


Data Out 


RAS~ 


RE 


Row Address 
Strobe 


WRITE 


W 


Read/Write Input 


Vbb 


VBB 


Power ( — 5V) 


Vcc 


VCC 


Power ( + 5V) 


Vdd 


VDD 


Power ( + 12V) 


Vss 


VSS 


Ground 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 



FEATURES 

All Inputs Including Clocks TTL Compatible 
Input Latches for Address and Data in 
Three-State TTL Compatible Output 
Common I/O Capability 
Only 128 Refresh Cycles Required Every 2ms 
Standard Power Supplies +12V, +5V, -5V 
(All with 10%tolelance) 



Maximum Access Time 

HM4716A-1 120ns 

HM4716A-2 150ns 

HM4716A-3 200ns 

HM4716A-4 250ns 

Read or Write Cycle Time 

HM4716A-1 320ns 

HM4716A-2 320ns 

HM4716A-3 375ns 

HM4716A-4 410ns 



I FUNCTIONAL BLOCK DIAGRAM 



RE ■ 



Clock 

Generator No.l 



CE- 



AO 

I 

A6 



Clock 

Generator No. 2 



w 


( 


• 


- D 






Write 




Data in 




Data Out 






Clocks 




Buffer 




Buffer 



Column 

Address Latch 



Row 

Address Latch 









Kow Ibvrrt+r 





■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any Pin Relative to VBB -0.5V to +20V 

Voltage on VDD, VCC Supplies Relative to VSS -0.5V to +15V 

Voltage on Q Pin Relative to VSS -0.5V to +10V 

Operating Temperature, TA (Ambient) 0°C to +70 C 

Storage Temperature (Ambient)* -65°C to +150°C 

Short-Circuit Output Current 50mA 

Power Dissipation 1W 

* In case of HM4716AP Series are -55°C to +125°C. 



■ RECOMMENDED DC OPERATING CONDITIONS (TA = to + 70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Notes 


Supply Voltage 


VDD 


10.8 


12.0 


13.2 


V 


1 


VCC 


4.5 


5.0 


5.5 


V 


VSS 











V 


VBB 


-4.5 


-5.0 


-5.5 


V 


Input High (logic 1) Voltage RE.CETW 


VIHC 


2.7 




6.5 


V 


1 


Input High (logic 1) Voltage All inputs except RE", CE". W 


VIH 


2.4 




6.5 


V 


1 


Input Low (logic 0) Voltage all inputs 


VIL 


-1.0 




0.6 


V 


1 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4; 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 

■ DC ELECTRICAL CHARACTERISTICS 

(Ta-0 to +70'C, V D£ ,-12V±10%, Vcc-5V±10%, Vi, B =-5V±10%, Vss-OV) 



Parameter 


Symbol 


min 


max 


Unit 


Notes 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RE, CE Cycling; TRELREL- 375ns) 


loot 




35 


m A 


2 


Icct 






m A 


3 


/ssi 




300 


pA 


2 


STANDBY CURRENT 

Power Supply Standby Current 

(RE -CE - V,hc) 


loot 




1.5 


mA 




Iccz 


-10 


10 


PA 


5 


Ibbi 




100 


pA 




REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RrT Cycling, CE — V,hc; TRELREL= 375ns) 


IdD3 




27 


mA 


2 


/CC3 


-10 


10 


PA 


5 


/SB3 




300 


PA 


2 


PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 
(RE- Vu, CE" Cycling; TCELCEL- 225ns) 


lap* 




27 


mA 




lea 


- 




mA 


3 






300 


pA 




INPUT LEAKAGE 

Input Leakage Current, any Input (Ve» 5V, V,jv-0 to +7V, 

all other pins not under test— OV) 


hL 


-10 


10 


PA 




OUTPUT LEAKAGE 

Output Leakage Current (Q is Disabled. Voirr— to +5.5V) 


hi 


-10 


10 


PA 


5 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (1W 5mA) 


Vo„ 


2.4 


Vcc 


V 


4 


Output Low (Logic 0) Voltage (frar-4.2mA ) 


Vol 





0.4 


V 





2. 



3. 



NOTES 

1. All voltages referenced to VSS, VBB must be applied 11. 
before and removed after other supply voltage. 
Current depend on cycle rate: maximum current is 
measured at the fastest cycle rate. 12. 
ICC depends upon output loading. The VCC supply is 
connected to the output buffer only. 
Output voltage will swing from VSS to VCC when 
activated with no current loading. For purposes of 
maintaining data in standby mode, VCC may be 13. 
reduced to VSS without affecting refresh operations 
or data retention. However, the VOH (min) specifica- 
tion is not guaranteed in this mode. 14. 
ICC2, ICC3 and IOL consists of leakage current only. 
AC measurements assume TT = Sns. 
V1HC (min) or VIH (min) and VIL (max) are 
reference levels for measuring timing of input signals. 
Also, transition times are measured between VIHC or 
VIH and VILS. 

Assumes that TRELCEL = TRELCEL (max.) If 
TRELCEL is greater than the maximum recommended 
value shown in this table, TRELQV exceeds the value 
shown. 15. 
Assumes that TRELCEL = TRELCEL (max). 
Measured with a load circuit equivalent to 2TTL loads 16. 
and lOOpF (in case of HM4716A-2:1 TTL and 50pF). 
And VSS + 0.8V, VSS + 2.0V are the reference level 
for measuring timing of Q. 



5. 
6. 
7. 



8. 



9. 

10. 



TCEHQZ (max) defines the time at which the output 
achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 
Operation with the TRELCEL (max) limit insures that 
TRELQC (max) can be met TRELCEL (max) is 
specified as a reference point only; if TRELCEL is 
greater than the specified TRELCEL (max) limit, then 
access time is controlled exclusive ly_by TCELQV. 
These parameters are reference to CE leading edge in 
early write cycles and to W leading edge in delayed 
write or read-modify-write cycles. 
TWLCEL, TCELWL and TRELWL are not restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only: if TWLCEL = 
TWLCEL (min), the cycle is an early write and the 
data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if TCELWL = TCELWL 
(min) and TRELWL will contain data read from the 
selected cell; if neither of the above sets of conditions 
is satisfied the condition of the data out (at access 
time) is indeterminate. 

Capacitance measured with Boonton Meter or effec- 
tive capacitance measuring methods.) 
CE = VIHC to disable Q. 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(To=0 to +70"C, V OB =12V±10%, Vcc = 5V+10%, Vss-OV, V SB --5V±10%) 



Parameter 


Symbol 


HM4716A-1 


HM4716A-2 


HM4716A-3 


HM4716A-4 


Unit 


Notes 


Old 


New 


min 


max 


min 


max 


min 


max 


min 


max 


Random Read or Write 
Cycle Time 


Irc 


TRELREL 


320 


— 


320 


- 


375 


- 


410 




ns 




Read-Write Cycle Time 


lnwc 


TRELREL 


320 


— 


320 


— 


375 


— 


515 


— 


ns 


8 


Page Mode Cycle Time 


tpc 


TCELCEL 


160 


— 


170 


— 


225 


- 


275 


— 


ns 




Access Time From RE 


tRAC 


TRELQV 


— 


120 


— 


150 




200 


- 


250 


ns 


8, 10 


Access Time From CE 


tCAC 


TCELQV 


— 


80 


— 


100 




135 


- 


165 


ns 


9, 10 


Output Buffer Turn-off 
Delay 


I OFF 


TCEHQZ 





35 





50 





60 





70 


ns 


11 


Transition Time 
(Rise and Fall) 


I T 


TT 


3 


35 


3 


35 


3 


50 


3 


50 


ns 


7 


RE Pre charge Time 


tup 


TREHREL 


100 


— 


100 


- 


120 


— 


150 


- 


ns 




RE Pulse Width 


Iras 


TRELREH 


120 


10000 


150 


10000 


200 


10000 


250 


10000 


ns 




RE Hold Time 


tRSH 


TCELREH 


80 


— 


100 


_ 


135 


_ 


165 


— 


ns 




CE Pulse Width 


Icas 


TCELCEH 


80 


10000 


100 


10000 


135 


10000 


165 


10000 


ns 




CE Hold Time 


tcSH 


TRELCEH 


120 




150 




200 




250 




ns 




RE to CE Delay Time 


t fiCD 


TRELCEL 


15 


40 


25 


50 


30 


65 


40 


85 


ns 


12 


CE to RE Precharge Time 


tcRP 


TCEHREL 





_ 


-20 


— 


-20 


— 


-20 


_ 


ns 




Row Address Set-up Time 


t ASR 


TAVREL 





_ 





_ 





_ 





— 


ns 




Row Address Hold Time 




TRELAX 


15 


- 


20 


- 


25 


- 


35 


- 


ns 




Column Address Set-up Time 


t*SC 


TAVCEL 


-5 




-5 




-5 




-5 




ns 




Column Address Hold Time 




TCELAX 


40 


— 


45 


— 


55 


— 


75 




ns 




Column Address Hold Time 
Reference to RE 


IaR 


TRELAX 


80 


- 


95 


- 


120 




160 


- 


ns 




Read Command Set-up Time 


lacs 


TWHCEL 





- 





- 





— 





— 


ns 




Read Command Hold Time 


tRCH 


TCEHWL 







20 




20 




20 




ns 




Write Command Hold Time 


IWCH 


TCELWH 


40 


— 


45 


— 


55 


— 


75 


- 


ns 




Write Command Hold Time 
Reference RE 


twCR 


TRELWH 


80 




95 




120 




160 




ns 




Write Command Pulse Width 




TWLWH 


40 




45 




55 




75 




ns 




Write Command to RE 
Lead Time 


tRWL 


TWLREH 


50 


- 


60 


- 


80 


- 


100 


- 


ns 




Write Command to CE 
Lead Time 


tcWL 


TWLCEH 


50 




60 




80 




100 




ns 




Data-in Set-up Time 


tos 


TDVCEL 





_ 





_ 





_ 





_ 


ns 


13 


Data-in Hold Time 




TCELDX 


40 


— 


45 


_ 


55 


— 


75 


_ 


ns 


13 


Data-in Hold Time 
Referenced RE~ 


tDHR 


TRELDX 


80 


- 


95 


- 


120 


- 


160 


- 


ns 




CE Precharge Time (for 
Page-mode Cycle Only) 


tcp 


TCEHCEL 


60 




60 




80 




100 








Refresh Period 




TRVRV 






















lR£F 




2 




2 




2 




2 


ms 




W Command Set-up Time 


IwCS 


TWLCEL 







-20 




-20 




-20 




ns 


14 


CE" to RET Delay 


tcWD 


TCELWL 


60 




70 




95 




125 




ns 


14 


RE to W Delay 


Ikwd 


TRELWL 


100 




120 




160 




200 




ns 


14 


RE Precharge to 
CE Hold Time 


tRPC 


TREHCEL 






















ns 





■ AC ELECTRICAL CHARACTERISTICS 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance (Ao-A«,D) 


Cm 




5 


pF 


15 


Input Capacitance RE", CE", W 


C/i 




10 


pF 


15 


Output Capacitance (Q ) 


Co 




7 


pF 


15, 16 



HITACHI 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 

■ TIMING WAVEFORMS 
•READ CYCLE 





■ TRELREI. 

1 TRELREH 1 








■ TRELAX 


A 


-TREHREL- 
pTCEHREL- 


■ TRELCEH 

TRELCEL . 




-TCELREH M 




[tavrj 


rREUX TAVCEL 


I 

TCELAX 




|l 




ffWHCEL 1 






pTCEHWL 




■ TCELQV 


mm 



• WRITE CYCLE (EARLY WRITE) 




VOH 

Vol 



• READ- WRITE/READ-MODIFY- WRITE CYCLE 



TRELAX, TAVCEL 



ADDRESSES 



VIL 



VIHC 7 



TCELAX 
COLL'MM 



TWHCFLi 



VOH 
« VOL 



-TCELQV 
— OPEN 



«V -i 

3 



VIH 



tovcel] [tceldx 



"RE ONLY" REFRESH CYCLE 



RE 



VIHC- 
VIL 





TRELBEH 






! 

TAVREL 


i— 


TREHREL 










W//////////M 


ROW 1 

ADDRESS 








— TCEHREL — 


1 — TREHCEL 



1 '/ /////// //////// J* 



et l'" L c '/////////////, 

Q VOH 
VOL 



'//////////// / 
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•PAGE MODE READ CYCLE 

VIHC- 



HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 



RE 



CE 



TRELAX 



ADDRESSES 



. TCELCEHH 

FO 1 



TCELAX 



mum 



• PAGE MODE WRITE CYCLE 



RE 




TRELREH- 







TCELREH- 



TAVCEL— 



I— TCEHWL 




kTREHREL- 



-TCEHREL- 



II— TCEL«V-j UTCELQV-H 
-TCEHQZ -I f-TCEHQZ H f-TCEHQZ 



H K TCEHQZ - K 



-TWHCEL 







TRELREH- 







ADDRESSES 



_ VIHC-r 

W '/ 




TWLWHj 



TWLWH 
l-TWLDX 



TDVWLK- * VTWLDX-1 TDVWLK-J t-TWLDX-| TDVWL- 



TWLWH 

TWLREH 

V- TWLDX 



VALID 
DATA 



LREH 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4- 



HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 
I TYPICAL CHARACTERISTICS 

ACCESS TIME (NORM ARIZED) vs. V„ 



ACCESS TIME (NORMARIZED) vs. V.. 



I 

| 1.0 



r,=50'c 

































12 13 
Supply Volt.je VDD (V) 



r,=so - c 
































< 


-5 


-7 



Supply Vol..*. VBB (V) 



ACCESS TIME (NORMARIZED) vs. T, 



IDDI vs. Vc, 




3 25 



r,=5o - c 






*ELREL«375ns 








tELREL=500ns 








<ELREL=800ns 









Junction Temperature Ti CC) 



10 11 12 13 



Supply Voli.ge Vou IVl 



IDDI vs. Tj 



IDDI vs. CYCLE RATE 




20 50 80 

Junction Temperature Tj CC) 
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Voo=I3.2V 

































1 2 3 

Cycle R«te (1/TRELREL) (MHi) 



HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 




IDD3 ( RE ONLY CYCLE) vs. V„ IDD3 (RE ONLY CYCLE) vs. T, 




Supply Voltage Vdu (V) Junction Temperature Tj (*C) 



IDD4 (PAGE-MODE CYCLE) vs. V™, IDD4 ( PAGE-MODE CYCLE) vs. T, 




10 11 12 13 1( -10 20 50 80 110 



Supply Voltage Vod (VI Junction Temperature Tj CC) 




HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 



CLOCK INPUT LEVELS vs. V , 



CLOCK INPUT LEVELSvs. V„ 



r,=5Cc 

Vbb = -5V 


H 


VIHC 


(MINI 






















vilch 


«AX) 











11 12 13 

Supply Volt.ge Vdd (V) 



Vou =12V 




V 


ma mm 






















V 


ILC(MAX) 











-4.5 -5.0 -5.5 

Supply Voluge V»» (VI 



CLOCK INPUT LEVELSvs. Tj 



Vdd = 12V 
Vbb=-5V 




VIHCI1. 


IN! 














VI LCI 


MAX) 











-10 20 50 

Junction Temperature T, ("C) 

ADDRESS AND DATA INPUT 
LEVELS vs. V„ 



80 1 ft 



r,=so - c 

Vdd = 12V 




V 


IUMAXI 






















V 


HI MINI 











-4.5 -5.0 -5.5 

Supply Voluge Vbb (V) 



ADDRESS AND DATA INPUT 
LEVELS vs. V 0D 



r,=5ot 

Vbb = -5V 




VI H 


MINI 














VI L 


MAX) 











10 11 12 13 

Supply Voltage Vno (V) 

ADDRESS AND DATA INPUT 
LEVELS vs. Ti 



Vi,u = 12V 
Vbb = -5V 




VIH(MIN) 






























VIL( 


MAX) 











-10 20 50 80 no 

Junction Temperature 7/ (*C) 



■ CURRENT WAVEFORMS 



HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 



RE 

cE 

100 

80 

I DO 60 
(mAl 40 

20 



K / — 










— i 












m 


















y 






























- — l/u 


i 






— 


^ 








IBB 



-20 
-40 



NOTE : VDD = 13.2V. VBB = -4.5V, Ta=25'C 
— i I — 50ns 



HITACHI 



231 



HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 



APPLICATION INFORMATION 

• READ CYCLE; 

A read cycle begins with addresses stable and a negative 
going transistion of WE. The time delay between the stable 
address and the start of R~E-on is controlled by parameter 
TAVREL. 

Following the time when RE reaches its low level, the row 
address must be held stable long enough to be captured. 
This controlling parameter is TRELAX. Following this 
interval, the address can be changed from row address to 
column address. 

When the column address is stable, CE can be turned on. 
The leading edge of CE is controlled by parameter 
TRELCEL. 

The basic limit on the CE" leading edge is that CE cannot 
start until the column address is stable, and this is 
controlled by parameter TAVCEL. 

The column address must be held stable long enough to be 
captured. 

The controlling parameter is TCELAX. Note that 
TRELCEL(max) is not an operating limit of the HM4716A 
though its specification is listed on the data sheets. If CE 
becomes on later than TRELCEL(max), the access time 
from RE will be increased by the time which TRELCEL 
exceeds TRELCEL(max). 

Following the time when CE reaches its low level, the 
data-out pin remains in a high impedance state until a valid 
data appears. This parameter is TCELQV-access time from 
CE. The access time from RE-TRELQV is the time from 
RE-on to valid Q. The minimum value of TRELQV is 
derived as the sum of TRELCEL(max) and TCELQV. The 
selected output data is held valid internally until CE 
becomes high, and then Q pin becomes high impedance. 
This parameter is TECHQZ. 

• WRITE CYCLE; 

A write cycle is performed by bringing W low before or 
during CE-on. 

Two different write cycles can be defined as; 
Write cycle - Write data are available at the beginning of 
the C"E"-on so that the write operation starts at the begin- 
ning. In this mode, D and "W" signal times are not in any 
critical path for determining cycle time. 
Following the time when~W~ reaches its low level,~W~must be 
held stable long enough to be captured. This Won pulse 
duration is called TWLWH. 

The time required to capture write data in a latch is called 
TWLDX. 

This cycle is called an "early write" 

Read Write cycle - This cycle starts as a read cycle, but as 
soon as the device specification is met, a write cycle is 
initiated. W and D are delayed until after Q. This cycle is 
called a "delayed write". A "Read-modify-write" cycle is a 
variation of this operation. In this mode, D and~W become 
critical path signals for determining cycle time. 



» CLOCK-OFF TIMING; 

WE and CE" must stay on for Q stabilized to valid data. In 
the case of CE, this is controlled by parameter TCELCEH 
(min). In the case of WE, this controlled by parameter 
TCELREH(min). 

Following the end of WE, CE must stay off long enough to 
precharge internal circuits. The only parameter of concern 
is TREHREL. 

Normally CE is not required to be off for a minimum time 
of TCEHREL. 

However, in a page mode memory operation, there is a 
TCEHCEL(min) specification to control the CE-off time. 

• DATA OUTPUT; 

Q is three-state TTL compatible with a fan-out of two 
standard TTL loads. 

When CE is high, Q is in a high impedance state. When CE" is 
low, valid data appears after TCELQV at a read cycle and Q 
is not valid at an early-write cycle. 

• REFRESH; 

Refresh of the HM4716A is accomplished by performing A 
memory cycle at each of the 128 row addresses within each 
two millisecond time interval. 

Any cycle in which RE signal occurs refreshes the entire 
selected row. 

RE-only refresh results in substantial reduction in operating 
power. 

This reduction in power is reflected in the IDD3 specifica- 
tion. 

• PAGE MODE; 

Page mode operation allows faster successive memory 
operations at multiple column locations of the same row 
address with increased speed. 

This is done by strobing the row address into the chip and 
maintaining RE at a logic low throughout all successive CE 
memory cycles in which the row address is latched. As the 
time normally required for strobing a new row address is 
eliminated, access and cycle times can be decreased and the 
operating power is reduced. These are reflected in the 
TCELQV, TCEHCEL, IDD4 specifications. 
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HM4816A-3, HM4816A-3E, 
HM4816A-4, HM4816A-7, 
HM4816AP-3, HM4816AP-3E, 
HM4816AP-4, HM4816AP-7 

16384- word by 1-bit Dynamic Random Access Memory 

The HM4816A is a new generation MOS dynamic RAM circuit 
organized as 16,384 words by 1 bit. As a state-of-the art MOS 
memory device, the HM4816A (16K RAM) incorporates advanced 
circuit techniques designed to provide wide operating margins, both 
internally and to the system user, while achieving performance levels 
in speed and power. 

The use of dynamic circuitry throughout, including sense amplifiers, 
assures that power dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine to make the 
HM4816A a truly superior RAM product. Multiplexed address 
inputs permits the HM4816A to be packaged in standard 16-pin DIP. 
Non-critical clock timing requirements allow use of the multiplexing 
technique while maintaining high performance. 



■ FEATURES 

• Single 5V supply 

Low power standby and operation 

(Standby: 1 1mW max., operation: 150mW max.) 

• Fast access time & cycle time 





HM4816A-3 
HM4816AP-3 


HM4816A-3E 
HM4816AP-3E 


HM4816A-4 
HM4816AP-4 


HM4816A-7 
HM4816AP-7 


Maximum Access 
Time (ns) 


100 


105 


120 


150 


Read. Write Cycle 

(ns) 


235 


200 


270 


320 


Read Modify-Write 
Cycle (ns) 


285 


235 


320 


410 



HM4816A-3, HM4816A-3E, 
HM4816A-4. HM4816A-7 




(DC-16B) 



HM4816AP-3, HM4816AP-3E. 
HM4816AP-4, HM4816AP-7 



I PIN ARRANGEMENT 



• Directly TTL compatible: All inputs & outputs 

• Output data controlled by CAS and unlatched at end of cycle to 
allow two dimensional chip selection and extended page bound- 
ary. 

• Common I/O capability using "easy write" operation. 

• Read modify write, RAS only refresh and page mode capability 

• Only 128 refresh cycle required every 2ms 

• Compatible with Intel 21 18-3/-4/-7 

■ BLOCK DIAGRAM 



1 OF 64 
ROW 
DECODERS 



1 OF 64 
ROW 
DECODERS 



128 SENSE 
AMPLIFIERS 
1 OF M COLUMN 
DECODERS 



NC |i 




"l6~| Vss 


Dm[T 




IT] CAS 


WEpT 




~u] Doui 


RAS n~ 




17] A, 


AojjT 




~12~| Ai 


A;[T 




TT) a. 


a, Ll 




lo] As 


VccfT 




7~| NC 




(Top View) 





RAS - 
CAS - 



CLOCK 
GENERATOR 

No.2 



WRITE 
ENABLE 

r i- hi K 



DATA 
INPUT 
BUFFER 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7, 

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


HM4816A or AP 


Unit 


Voltage on any pin relative to GND 


Vt 


— 1.0 ■ i 7.0 


y 


Power- supply voltage relative to GND 


Vcc 


-0.5 ~ +7.0 


V 


Short-circuit Output Current 


I.., 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.„ 


~ +70 


c 


Storage Temperature 


Cerdip 


T... 


-65 - +150 


'C 


Plastic 


-55 ~ +125 


"C 


■ RECOMMENDED DC OPERATING CONDITIONS 


Item 


Symbol 


min 


typ 


max 


Unit 


Notes 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Vss 











V 


1.2 


Input high (logic 1) voltage RAS, CAS, WE 


V,HC 


2.4 




7.0 


V 


1 


Input high (logic 1) voltage except RAS, CAS, "WE 


V,H 


2.4 




7.0 


V 


1 


Input low (logic 0) voltage all inputs 


V,L 


-2.0 




0.8 


V 


1 



Notes .1. All voltage referenced to Vss. 

2. Output voltage will swing from Vss to Vcc when activated with no current loading. 



IDC AND OPERATING CHARACTERISTICS 11 

(ra-0°C to 70°C, Vcc = 5V±10%, Vss = 0V, unless otherwise noted.) 



Parameter 


Symbol 


Test Conditions 


min 


typ (2' 


max 


Unit 


Notes 


Input Load Current (any input) 


M 


V,„- Vss to Vcc 




0.1 


10 


fA 




Output Leakage Current for 
High Impedance State 


M 


Chip Deselected, CAS at V IH , VW-0 to 5.5V 




0.1 


10 


PA 




Vcc Supply Current. Standby 


/cci 


CAS and RAS at V,„ 


HM4816AP-3.4.7 
HM4816A-3, 4,7 




1.2 


2 


mA 




HM4816A.AP-3E 




1.2 


3 


mA 




Vcc Supply Current. Operating 


Ice, 


HM4816A.AP-3 Uc-lncmn 




23 


27 


m A 


3 


HM4816A, AP-3E tnc- l»c«m 




27 


35 


m A 


3 


HM4816A, AP-4 l„c-<«c«/> 




21 


25 


mA 


3 


HM4816A.AP-7 («-!««,,» 




19 


23 


m A 


3 


Vcc Supply Current ; 
RAS-Only Cycle 


lecs 


HM4816A.AP-3 t«:r»«a«« 




16 


18 


m A 




3 


HM4816A.AP-3E t.c-i«e»/« 




20 


25 


mA 


3 


HM4816A.AP-4 llc-l«a«« 




14 


16 


mA 


3 


HM4816A.AP-7 




12 


14 


mA 


3 


Vcc Supply Current. 
Standby. Output Enabled 


Ices 


CAS at V, L , RAS at V,« 




3 


6 


m A 


3 


Output Low Voltage 


Vol 


Zoi.-4.2mA 







0.4 


V 




Output High Voltage 




1oh= —5mA 


2.4 




Vcc 


V 





Notes : 1. All voltages referenced to Vss. 

2. Typical values are for Ta-Z5"C and 

3. Ice ia dependent on output loading when 



supply voltages, 
the devices output is selected. Specified 7,:c MAX is 



with the output open. 



I CAPACITANCE 



(Ta- 25'C, Vcc = 5V±10%, Vss = 0V, unless otherwise noted.) 



Parameter 


Symbol 


typ 


max 


Unit 


Address. Data In 


Cm 


3 


5 


pF 


RAS, CAS, WE, Data Out 


Cn 


4 


7 


P F 



Notes '■ Capacitance measured with Boonton Meter or effective capacitance calculated from the 
C J ^y* with AV equal to 3 volts and power supplies at nominal levels. 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7, 

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 

■ AC CHARACTERISTICS [, - 2 ' 3) (7a=0"C to 70°C, Vcc-5V± 10%, V ss = 0V, unless otherwise noted.) 
• READ, WRITE, READ-MODIFY- WRITE AND REFRESH CYCLES 



Parameter 


Symbol 


HM4816A-3 
HM4816AP-3 


HM4816A-3E 
HM4816AP-3E 


HM4816A-4 
HM4816AP-4 


HM4816A-7 
HM4816AP-7 


Unit 


Notes 








max 


min 


max 


min 


max 


Access Time From RAS 






100 




105 




120 




150 


ns 


4,5 


Access Time From CAS 


tcAC 




55 




60 




65 


_ 


80 


ns 


4, 5,6 


Time Between Refresh 






2 




2 




2 


_ 


2 


ms 




RAS Precharge Time 


tRP 


110 




70 




120 




135 




ns 




CAS Precharge Time 
(non-Dase cvcles) 




50 




50 




55 




70 




ns 




CAS to RAS Precharge Time 
























ns 




RAS to CAS Delay Time 


I 


25 


45 


25 


45 


25 


55 


25 


70 


ns 


7 


RAS Hold Time 




70 




60 




85 




105 




ns 




CAS Hold Time 


IcSH 


100 




105 


- | 120 




165 




ns 




Row Address Set-up Time 


t*SK 






















ns 




Row Address Hold Time 


t RAH 


15 




15 




15 




15 




ns 




















Column Address Set-up Time 


Iasc 






















ns 




Column Address Hold Time 


tcAH 


15 




25 




20 




20 




ns 




Column Address Hold Time to RAS 


Iar 


60 




70 




75 




90 




ns 




Transition Time (Rise and Fall) 




3 


50 


3 


50 


3 


50 


3 


50 


ns 


8 


















60 






Output Buffer Turn Off Delay 


lot'F 


45 


50 





50 





ns 




•READ AND REFRESH CYCLES 


Random Read Cycle Time 


f*c 


235 




200 




270 




320 




ns 




RAS Pulse Width 


Iras 


115 


10000 


105 


10000 


140 


10000 


175 


10000 


ns 




CAS Pulse Width 


tcAS 


55 


10000 


60 


10000 


65 


10000 


95 


10000 


ns 




Read Command Set-up Time 


tRCS 






















ns 




Read Command Hold Time 


Ircii 


10 




10 




10 




10 




ns 




• WRITE CYCLE 


Random Write Cycle Time 


Irc 


235 




200 




270 




320 




ns 




RAS Pulse Width 


Iras 


115 


10000 


105 


10000 


140 


10000 


175 


10000 


ns 




CAS Pulse Width 


Icas 


55 


10000 


60 


10000 


65 


10000 


95 


10000 


ns 




Write Command Set-up Time 


twcs 






















ns 


9 


Write Command Hold Time 


twcH 


25 




30 




30 




45 




ns 




Write Command Hold Time to RAS 


twi'R 


70 




75 




85 




115 




ns 




Write Command Pulse Width 


twp 


25 




30 




30 




50 




ns 




Write Command to RAS Lead Time 


Irwl 


60 




45 




65 




110 




ns 




Write Command to CAS Lead Time 


"f CWi. 


45 




45 




50 




100 




ns 




Data-in Set-up Time 


tos 






















ns 




Data-in Hold Time 


Idh 


35* 




30 




30 




45 




ns 




Data-in Hold Time to RAS 


h»H 


70 




75 




85 




115 




ns 




• READ- MODIFY- WRITE CYCLE 




Read-Modify-Write Cycle Time 


tswc 


285 




235 




320 




410 




ns 




RMW Cycle RAS Pulse Width 


Irrw 


165 


10000 


155 


10000 


190 


10000 


265 


10000 


ns 




RMW Cycle CAS Pulse Width 


IcRW 


105 


10000 


110 


10000 


120 


10000 


185 


10000 


ns 




RAS to WE Delay 


Irv/d 


100 




105 




120 




150 




ns 


9 


CAS to WE Delay 




55 




60 




65 




80 




ns 


9 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 

Notes: 
1. 
2. 



AU voltages referenced to V ss 

Eight cycles are required after power -up or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles which 
perform refresh are adequate for this purposes. 

3. AC Characteristics assume tj^Sns 

4. Assume that tRCD ^ l RCD (max.) If /rco is greater 
than f/jcD (max.) then tRAC increase by the 
amount that Ircd exceeds tRCD (max.) 

5. Load = 2 TTL Loads and lOOpF 

6. Assumes tRCD^tR CD (max.) 



■ WAVEFORMS 
• READ CYCLE 

Vmc 



7. Ircd (max.) is specified as a reference point only. If 
tRCD ' s ' ess tnan r RCD (max.) access time is Irac- If 
tRCD ' s greater than Ircd (max.) access time is Ircd * 
'CAC- 

8. fpis measured between Vjfj (min.) and Vj^ (max.) 
l wcS< l cWD an d l R WD are specified as reference points 
only. If f wcs = ( wcs (min.) the cycle is an early write 
cycle and the data out pin will remain high impedance 
throughout the entire cycle. If tcwD ^ <CWD (min.) 
and tRWD = l RWD (min.), the cycle is a read-modify- 
write cycle and the data out will contain the data read 
from the selected address if neither of the above 
conditions is satisfied, the condition on the data out is 
indeterminate. 



RAS 



In 



v,i 







> — *e 


tKCD 


t*SH 
















tASK - 




tASC 


tCAH 






Address |( X 


Column 
Address 













t*cs 








" 


tCAC 

AC 




\ 

tOFF 



V.I id 

»"• "■" 



• WRITE CYCLE 

V,.c 



RAS 



Yjm 

Addrtss 

Vn 

V„c 

VlL 

Hi 

Din 

Vu 



Vo« 

Dom v ol 



1; 














? 


CD" 












(to 


(JSC 






/CJK 






/. e 


Row 1 
Address, 


< > 




Column 
Address 




* 










twcs , 




IltK I 










i 




Op ^ / 
j * 


















^ 









Notes: 

I- 2 - V IH MIN and K/^ are reference levels for meas- 
uring timing of input signals. 
3 - 4 - Voh MIN and Vol MAX are reference levels for 
measuring timing of Do UT- 
S' 'OFF is measured to Iqut <^ LO 
6. (qs and r C // are referenced to CAS or WE, whichever 
occurs last. 



7. [rch is referenced to the traihng edge of CAS or 
RAS, whichever occurs first. 

8. t C Rp requirement is only applicable for RAS/CAS 
cycles prece eded by a CAS-only cycle (i.e., for system 
where CAS has not been decoded with RAS). 



HITACHI 



HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 



• READ- MODIFY- WRITE CYCLE 



tctp — 

— v " T 

CAS y a 



tAtit-m — H w-» 



Vine 
V,i . 

Ka- 
ra ■ 

Vo« 

Vol ' 



CoCT 

Address 



Impedance 



• RAS-ONLY REFRESH CYCLE 



RAS 



Vine ;L- 

« s v, — r 



iL 



)| a> ® D v"'iir ^ 



"aTx 



f 



Vo« 

Vol 



•HIDDEN REFRESH CYCLE 



CAS 



Vine — i- 

lk — ' 



\ 



••1 ItMH U-»lU*« 

d>Vf \ ' Column \J \ ' Row V " ^ ' Row : U~ 

/> AJj ""^ /[.Address^ 

<2> — L l.cs 




,< 



Voi 

Vol 



V.lid D.U 
it 



Notes: 

1.2. K/// MIN and K /L Mi4A - and reference levels for 

measuring timing of input signals. . 

3.4. V OH MIN and V OL MAX are reference levels for 8. t CRP requirement is only applicable for RAS/CAS 

measuring timing of Dqut- - c y cles prece eded by a CAS-only cycle ( i.e., f or systems 

5. tQpp is measured to IoUT% ^LQ^_ 

6. t DS and t DH are referenced to CAS or WE, whichever 



7. Irch is referenced to the trailing edge of CAS or 
RAS, whichever occurs first. 



cycles prece eded by a LAS-only cycle u.e., l or 
where CAS has not been decoded with RAS). 



occurs last. 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 

■ DC AND AC CHARACTERISTICS, PAGE MODE » 8 1 

(Ta=0°C to 70°C, Vcc-5V + 10%, Vss = QV, unless otherwise noted.) 







HM4816A-3 
HM4816AP-3 


HM4816A-3E 
HM4816AP-3E 


HM4816A-4 
HM4816AP-4 


HM4816A-7 
HM4816AP-7 




Parameter 


Symbol 


Unit 






min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 




Page Mode Read or Write Cycle 


Ik 


125 




130 




145 




190 




ns 


Page Mode Read Modify Write Cycle 


1k» 


175 




180 




200 




280 




ns 


CAS Precharge Time, Page Cycle 


to 


60 




60 




70 




85 




ns 


RAS Pulse Width, Page Mode 


turn 


115 


10000 


105 


10000 


140 


10000 


175 


10000 


ns 


CAS Pulse Width 


tCAS 


55 


10000 


60 


10000 


65 


10000 


95 


10000 


ns 


Vdd Supply Current Page Mode. 
Minimum tpc. Minimum tcAS 


IoDt 




23 




23 




21 




18 


m A 



• PAGE MODE READ CYCLE 




reference levels for 



Notes: 

1-2. Vjh MIN ^ V IL MAX <" e 
measuring timing of input signals. 
v OH MIN a"" 1 v OL MAX are reference levels for 
measuring timing of Dqijt- 

toFF is measured to IoUT S ^LQ |. 

tocH is referenced to the trailing edge- of CAS or 
RAS, whichever occurs first. 
All voltages referenced to 
AC Characteristic assume f 7>=5ns. 
9. See the typical characteristics section for values of this 
parameter under alternate conditions. 

10. tcRP requirement is only applicable for RAS/CAS 
cycles prece eded by a CAS-only cycle ( i.e., f or systems 
where CAS has not been decoded with RAS). 

11. All previous specified A.C. and D.C. characteristics are 
applicable to their respective page mode device. 



3.4. 

5. 
6. 

7. 
8. 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 



• PAGE MODE WRITE CYCLE 



VlHC 

CAS Va 



y 

::il3 



WE *« 



1 



Din "l» 



v 



— 



X*® vTtid ! 7 V vTHj 7 ^ ! vTiid ! i7 



• PAGE MODE READ- MODI FY- WRITE CYCLE 



VlHC 

CAS Va 



tCMP 



I 



7 



^4 



i 



'a 



1-2. ^/tf MIN and •'/i. AWX are reference lev 

measuring timing of input signals. 
3.4. V-f) H MIN an<1 v OL MAX are reference levels for 
measuring timing of Dqtjt- 



5. t OFF is measured to IoUTl* '(lgJ.- 

1 to"CA3~or WE, whichever 

occurs last. 



6. tps and tpfj are referenced 1 



7. t RCff is referenced to the trailing edge of CAS or 
RAS, whichever occurs first. 

8. tcfip requirement is only applicable for RAS/CAS, 
es proce eded by a CAS-only cycle ( i.e., f or systems 

; CAS has not been decoded with RAS). 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 

• Typical Characteristics of HM4816A 
TYPICAL ACCESS TIME t c « vs. Vcc 











Ta-70' 


[ 
































































5 6 



TYPICAL OPERATING CURRENT l t c, 
vs. CYCLE RATE 
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Vcc (V) 



Cycl. Rite (l/l«c) ( MHz) 



TYPICAL STANDBY CURRENT Ice, 
vs. Vcc 











ro = 25'C 
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Vcc (VI 



TYPICAL OPERATING CURRENT Ice. 

VS. Vcc 





l.c = 23 
7a = 25'( 


ns 





































































• TYPICAL SUPPLY CURRENT WAVEFORMS 

RAS/CAS Cyclt Loin RAS/CAS Cyclt RAS Only Cyclt 



4 5 

Vcc (V) 

TYPICAL Ice vs. Vcc DURING POWER UP 





s \ 1 \ 1 
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• i-k 



Nole. Vcc = S.0V 
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.CAS=Vs« 
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Vcc (V) 
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HM4864-2, HM4864-3 
HM4864P-2, HM4864P-3 

65536- word x 1-bit Dynamic Random Access Memory 

The HM4864 is a 65,536-words by 1-bit, MOS random access 
memory circuit fabricated with HITACHI'S double-poly N-channel 
silicon gate process for high performance and high functional 
density. The HM4864 uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. 

Multiplexed address inputs permit the HM4864 to be packaged in a 
standard 16 pin DIP on 0.3 inch centers. 

This package size provides high system bit densities and is 
compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 
+5V with ±10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL, maximum input 
noise immunity to minimize "false triggering" of the inputs, on-chip 
address and data registers which eliminate the need for interface 
registers, and two chip select methods to allow the user to determine 
the appropriate speed/power characteristics of this memory system. 
The HM4864 also incorporates several flexible timing/operating 
modes. 

In addition to the usual read.write, and read-modify-write cycles, the 
HM4864 is capable of delayed write cycles, page-mode operation 
and RAS-only refresh. 

Proper control of the clock inputs (RAS, CAS, and WE) allows 
common I/O capability, two dimensional chip selection, and 
extended page boundaries (when operating in page mode). 



















HM4864-2.HM4864-3 




(DC-16A) 



HM4864P-2.HM4864P-3 




(DP-16) 



I FEATURES 

Recognized industry standard 16-pin configuration 

150ns access time, 270ns cycle time (HM4864-2, HM4864P-2) 

200ns access time, 335ns cycle time (HM4864-3, HM4864P-3) 

Single power supply of +5V±10% with a built-in Vbb generator 

Low Power; 330 mW active. 20 mW standby (max) 

The inputs TTL compatible, low capacitance, and protected 

against static charge 

Output data controlled by CAS and unlatched at end of cycle to 
allow two dimensional chip selection and extended page bound- 
ary 

Common I/O capability using "early write" operation 
Read-Modify-Write, RAS-only refresh, and Page-mode capability 
128 refresh cycle 



I PIN ARRANGEMENT 

NC(T 
Din [7 




(Top View) 



Ao-A 7 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS" 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


Ao-A 6 


Refresh Address Input 





HITACHI 
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IFUNCTIONAL BLOCK DIAGRAM 
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Generator 
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Memory 
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Memory 
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Amy 



Memory 
Array 



Data ir 

' Buffer 



Data out 
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I ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative 

to Vss -1.0to+7V 

Operating Temperature, Ta 

(Ambient) . to +70°C 

Storage Temperature 

(Ambient) -65 to +150°C (Cerdip) 

-55to+125°C (Plastic) 
Short-circuit Output Current . 50 mA 
Power Dissipation 1 W 



I RECOMMENDED DC OPERATING CONDITIONS (To- to +70"C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


. 

Notes 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Vss 











V 


Input High Voltage 


Vw 


2.4 




6.5 


V 


1 


Input Low Voltage 


Vu 


-1.0 




0.8 


V 


1 



IDC ELECTRICAL CHARACTERISTICS (7a=0 to +70°C, Vcc = 5V±10%, V ss = 0V) 



Parameter 


Symbol 


mm 


max 


Unit 


Notes 


OPERATING CURRENT 

Average Power Supply Operating Current (RAS, CAS Cycling; Uc = min. ) 


/cct 




60 


m A 


2.4 


STANDBY- CURRENT 

Power Supply Standby Current ( RAS = Via, Dout = High Impedance) 


Icct 




3.5 


m A 


2 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS - V,h; t «c-min.) 


/ccj 




45 


m A 


2.4 


PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 
(RAS = V/i.CAS Cycling;f,c-mm.) 


Icct 




45 


m A 


2,4 


INPUT LEAKAGE 

Input Leakage Current, any Input (V, B =0 to +6.5V, all other pins not 
under test - 0V ) ' 


lu 


-10 


10 


fA 




OUTPUT LEAKAGE 

Output Leakage Current (Dout is disabled, V..I—0 to +5.5V) 


Ilo 


-10 


10 


PA 


3 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (/.., 5mA) 

Output Low (Logic 0) Voltage (/.., -4.2mA ) 




VoH 

Vol 


2.4 



Vcc 
0.4 


V 
V 





NOTES 

1. All voltages referenced to Vgg. 

2. Icq depends on output loading condition when the device is selected. Iqq max. is specified at the output open condition. 
3- Ilo consists of leakage current only. 

4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 
■ AC ELECTRICAL CHARACTERISTICS 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance (Ao _ A7,Din) 


Gta<i 




7 


pF 


1 


Input Capacitance (RAS , CAS, WE") 


C,.i 




10 


P F 


1 


Output Capacitance (Dout ) 


Coal 




7 


pF 


1.2 



NOTES 

1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = Vjfj to disable Dqijt- 
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I ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IX « 

(Ta=0 to +70'C, Vcc = 5V±10%, V ss = 0V) 



Parameter 


Symbol 


HM4864-2/P-2 


HM4864-3/P-3 


Unit 


Notes 










Random Read or Write Cyc le Tim e 


; 


270 




335 




ns 




Read-Write Cycle Time 


t 


270 




335 




ns 




Page Mode Cycle Time 


. 


170 




225 




ns 




Access Time from RAS 


f 




150 




200 


ns 


4. 6 


Access Time f r om CA S 


""( 

__CAC 




i nn 

1UU 




135 


ns 


5, 6 


Output Buffer Turn-off Delay 




o 


40 


o 


50 




7 


Transition Titne {Rise and Fall ) 


_^FF 


3 


JO 


3 


DU 




3 


rirto r recnarge i ime 




100 




120 








RAC P,,U*. Width 
nAu rUlbc YV lull] 


-p 


150 


1UUUU 


200 


i nnnn 

1UUUU 






n/\o nolo i ime 


_*SH 


100 




135 








pAC P., lea WJlK 

ruisc vt lain 


tcAS 


100 




135 








CAS HnlH Timp 




150 




200 








RA9 In C A C flo 1 a V TimP 

n.Ao lo \>au unlay i juic 




20 


50 


25 


65 




8 


vno iu r\rto r rcc liar gtr i ime 


-y^ 


— 20 




— 20 








Row Address Set-up Time 


Iasr 


u 




u 








D,„„ AJJ..., I4„1J Tima 

Mow Address Hold l ime 


t RAH 


20 




25 








Column Address Set-up Time 




in 

ill 




10 








Column Address Hold Time 


IcAH 


45 




55 








Column Address Hold Time referenced to RAS 




95 




120 








Read Command Set-up lime 




n 
U 




jj 








Read Command Hold Time 


Irch 


u 




n 








write Lommana noia i ime 


iwCH 


a k 




EC 

3D 








Write Lommana Moid i ime reierencea 10 rtrto 


twCR 


OR 




120 








write i^ommana ruise wiatn 


twp 


IK 




KK 
00 








write Command to Kfto Lead lime 


Irwl 


40 




EE 

30 








Write Command to CAS Lead Time 


'cwt 


45 




EC 
00 








Data-in Set-up Time 


IDS 


o 




o 






9 


Data-in Hold Time 




45 




55 




ns 


9 


Data-in Hold Time referenced to RAS 


Idhr 


95 




120 




ns 




CAS Precharge Time (for Page-mode Cycle Only) 


t c p 


60 




80 




ns 




Refresh Period 


lR£F 




2 




2 


ms 




Write Command Set-up Time 


twes 


-20 




-20 




ns 


10 


CAS" to WE Delay 


tcwD 


60 




80 




ns 


10 


RAS" to WE Delay 


tfWD 


110 




145 




ns 


10 


RAS Precharge to CAS Hold Time 


Irpc 












ns 





NOTES 

1. AC measurements assume t j- = 5ns. 

2. 8 cycles are required after p ower- on or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 
VjH (min) and V IL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and Vj^. 
Assumes that t R c D £ t RCD (max). If t RCD is greater 
than the maximum recommended value shown in this 
table t RA c exceeds the value shown. 
Assumes that t RCD > t RCD (max). 
Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

tOFF (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

Operation with the t RCD (max) limit insures that 



3. 



5. 
6. 



8. 



l RAC (max) can be met, tRCD (max) is specified as a 
reference point only; if 'rcd ' s greater than the 
specified t R cD (max) limit, then access time is 
controlled exclusively be tcAC- 
9. These parameters are refe rence to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 
10. twes, 'CWD a °d l RWD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if 'jves ^'WCS (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
the entire cycle; if 'cwd^ 'CWD (min) and t R wj)i 
{ RWD (min) the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 
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■ TIMING WAVEFORMS 
• READ CYCLE 



HAS 



In 



CAS "'«- 

Kit 



V 



WE Vi, 



Vll- 
fu 



Column Address 



,4 



K 



x: 



Vilid D«ia 



• WRITE CYCLE 



B AS 

c"as 



use-" -1 



s; 



-if » 1 - 



| — " H — low - 
X V.lid D... ~1 kT 







• READ- WRITE/READ-MODIFY- WRITE CYCLE 



w 

Doui 
Din 



I'll— 
If 

Itt 

1:- 

Vu- 



mn Address^ 



v 



^ V.liJ D»i» 



r 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 



•"RAS-ONLY" REFRESH CYCLE 

RAS 



MS»|— —\ \~— t*AH— *4 

x R..Add,.„ ir 




• PAGE MODE READ CYCLE 



r 



5f 



• PAGE MODE WRITE CYCLE 



— ■"Vf — 



: 9 



VlL 



WE 



V,l- 



— tf"^ 



-tC*L 



NSC— +\ - — 

-"— 4-sn 



— IKS*— 



FtCJIP-i 
— 



^ v. IM g... X v..id p... ft ^fr v..,d p.,. 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 



I TYPICAL CHARACTERISTICS 

ACCESS TIME 

vs. SUPPLY VOLTAGE 



7o = 20'C 

































5 5.0 5.5 6.0 

Supply Voluge Vcc (V) 



ACCESS TIME 

vs. AMBIENT TEMPERATURE 



Vcc = 5.5V 

































-20 111 (0 70 M 

Amb.ent Temperature Ta i'C) 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



7Vi = 20*C 






















**500 








1. 001) 



1.5 5.0 5.5 

Supply Voluge Vcc (Vl 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



-20 10 40 70 

Ambient Temperature Ta ("CI 



SUPPLY CURRENT 
vs. CYCLE RATE 




SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 




1 2 1 

Cycle rUted/lnc) (MHz) 



Supply Voluge Vcc (VI 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 




SUPPLY CURRENT SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE vs. CYCLE RATE 




-20 10 «> 70 100 » 1 2 11 

Ambi.n. Temperature To CO c>de j.,, tl /„c)(UH,) 




HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 




INPUT LEVEL 

vs. AMBIENT TEMPERATURE 



5 1.5 



IW =5."V 

















































-I'll 10 4(1 711 lull 

Ambient Tempenture Ta i"C) 



CLOCK INPUT LEVEL 
VOLTAGE 



2.1 



Supply Vollige Vcc (V) 



CLOCK INPUT LEVEL 

vs. AMBIENT TEMPERATURE 



III 411 711 II" 

Ambient Temperature Ta CO 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 



HAS ~~ y 




IAPPLICATION 



NATION 
• POWER ON 

An initial pause of 500 us is required after power-up and a 
minimum of eight (8) initialization cycle, (any combination of 
cycles containing a RAS clock such as RAS-only refresh) must 
follow an initial pause. 

The Vcc current (/cc' requirement of the HM4864 during 
power on is, however, dependent upon the input levels (RAS, 
CAS) and the rise time of V cc . as shown in Fig. 1. 



•READ CYCLE 

A read cycle begins with addresses stable and a negative going 
transition of RAS. The time delay between the stable address 
and the start of RAS-on is controlled by parameter tASR ■ 
Following the time when RAS reaches its low level, the row 
address must be held stable long enough to be captured. This 
controlling parameter is t R AH . Following this interval, the 
address can be changed from row address to column address. 
When the column address is stable, CAS can be turned on. The 
leading edge of CAS is controlled by parameter f«co • The 
basic limit on the CAS leading edge is that CAS can not start 
until the column address is stable, and this is controlled by 
parameter t^sc ■ The column address must be held stable long 
enough to be captured. The controlling parameter is tQAH- 
Note that f/?co (max) is not an operating limit of the 
HM4864 though its specification is listed on the data sheets. If 
CAS becomes on later than fflco (max), the access time from 
RAS will be increased by the time which t R cD exceeds t RCD 
(max). 

Following the time when CAS reaches its low level, the 
data-out pin remains in a high impedance state unti l a va lid 
data appears. This parameter is tcAC -access time from CAS. 
The access time from RAS-ffl^c- is the time from RAS-on 
to valid Dout. 

The minimum value of t RA C is derived as the sum of t RC D 
(max) and tcAC- 

The selected output data is held valid internally until CAS 
becomes high, and then Dout pin becomes high impedance. 
This parameter is tQFF ■ 





l,{Vcc riie iime)=100 W i 



Fig. 1 l ct vs. Vet during power up. 



® HITACHI 
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• WRITE CYCLE 

A write cycle is performed by bringing WE low 
before or during CAS-on. 
Two different write cycles can be defined as; 
Write cycle— Write data are available at the beginning 
of the CAS-on so that the write operation starts at 
the beginning. In this mode, Dout and WE signal 
times are not in any critical path for determining 
cycle time. 

Following the time when WE" reaches its low level, 
WE must be held stable long enough to be captured. 
This WE-on pulse deration is called twp. The time 
required to capture write data in a latch is called 
tQH- Thi s cycle is called an "early write". 

Read Write cycle-This cycle starts as a read cycle, 
but as soon as the device specification is met, a 
write cycle is initiated. 

WE and Din are delayed until after Dout. This cycle 
is called a "delayed write". A "Read-modify-write" 
cycle is a variation of this operation. In this mode. 
Din and WE become critical path signals for 
determining cycle time. 

• CLOCK-OFF TIMING 

RAS and CAS must stay on for Dout stabilized to 
valid data. In the case of CAS, this is controlled by 
parameter t C A S M n). 

In the case of RAS, this is controlled by parameter 
f CAS (min)- Following the end of RAS, CAS must 
stay off long enough to precharge internal circuits. 
The_only parameter of concern is t RP . Normally 
CAS is not required to be off for minimum time of 
tCRP- However, in a page mode memory operation, 
there is a tcp (min) specification to control the 
CAS-off time. 

• DATA OUTPUT 

Dout is three-state TTL compatible with a fan-out 
of two standard TTL loads. 

When CAS is high, Dout is in a high impedance 
state. When CAS is low, valid data appears after 
*CAC at a read cycle, and Dout is not valid as an 
early-write cycle. 



• REFRESH 

Refresh of the HM4864 is accomplished by per- 
forming a memory cycle at each of the 128 row 
addresses within each two millisecond time interval. 
AO to A6 are refresh address pin compatible with 
standard 16K RAM (HM4716A, HM4816A). During 
refresh, either V iL or V| H is permitted forA7. Any 
cycle in which RAS signal occurs refreshes the 
entire selected row. RAS-only refresh results in 
substantial reduction in operating power. This re- 
duction in power is reflected in the lcC3 specifica- 
tion. 

• PAGE MODE 

Page mode operation allows faster successive memo- 
ry operations at multiple column locations of the 
same row address with increased speed. 
This is done by strobing the row address into the 
chip and maintaining RAS at a logic low throughout 
all successive CAS memory cycles in which the row 
address is latched. As the time normally required for 
strobing a new row address is eliminated, access and 
cycle times can be descreaded and the operating 
power is reduced. These are specifications. 
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65536- word x 1 -bit Dynamic Random Access Memory 



I FEATURES 

18-pin Leadless Chip Carrier 

150ns access time, 270ns cycle (HM4864CC-2) 

200ns access time, 335ns cycle (HM4864CC-3) 

Single power supply of 5V ± 10% with a built-in V BB generator 

Low power: 330mW active, 20mW standby (max) 

The inputs TTL compatible, low capacitance, and protected against 

static charge. 

Output data controlled by CAS and unlatched at end of cycle to 
allow two dimensional chip selection and extended page boundary. 
Common I/O capability using "early write" operation 
Read-Modify-Write, RAS-only Refresh, and Page-mode capability 
1 28 refresh cycle 



IFUNCTIONAL BLOCK DIAGRAM 
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Memory 



Memory 
A rray 
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Data out 
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I Doul 



— «> Yc, 
- — ° Vss 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative 

to Vss -1.0to+7V 

Operating Temperature, Ta 

(Ambient) to +70°C 

Storage Temperature 

(Ambient) -65to+150°C 

Short-circuit Output Current . 50 mA 

Power Dissipation 1 W 




■ PIN ARRANGEMENT 



CAS Vss NC Di 

J 1*7| J&\ |CJ] |TJ 



Em 

to nn 
xc nn 
h on 

to uT\ 



a 



J LH wt 

I < 1 HAS 

GO « 
CO * 



As A; Vcc Ai 
(Bottom View) 



Ao-A; 


Address Inputs 


CAS" 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS" 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


A. -A. 


Refresh Address Input 
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■ RECOMMENDED DC OPERATING CONDITIONS ( To— to + 70'C) 



Parameter 


Symbol 


mm 


typ 


max 


Unit 


Notes 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Vss 











V 




Input High Voltage 


Vm 


2.4 




6.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 




0.8 


V 





■ DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V±10%, Vss-OV) 



Parameter 


Symbol 


mm 


max 


Unit 


Notes 


OPERATING CURRENT 

Average Power Supply Operating Current (RAS, CAS Cycling;tsc — min.) 


/cci 




60 


m A 


2, 4 


STANDBY CURRENT 

Power Supply Standby Current (RAS — Vih. Dout =High Impedance) 


Icct 




3.5 


m A 


2 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS - V;«; I irc-min. ) 


Ices 




45 


m A 


2,4 


PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 
(RAS-V„,CAS Cycling; t,c-min.) 


Ice* 




45 


m A 


2.4 


INPUT LEAKAGE 

Input Leakage Current, any Input (V,. -0 to +6.5V, all other pins not 
under test-OV) 


Iu 


-10 


10 


PA 




OUTPUT LEAKAGE 

Output Leakage Current (Dout is disabled, V.., -0 to +5.5V) 


ho 


-10 


10 


M 


3 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (7.., 5mA) 

Output Low (Logic 0) Voltage (/... -4.2mA) 




VOH 

Vol 


2.4 




Vcc 
0.4 


V 
V 





NOTES 

1. All voltages referenced to V^s- 

2. Iqq depends on output loading condition when the device is selected. Iqq max. is specified at the output open condition. 

3. Ilo consists of leakage current only. 

4. Current deperlds on cycle rate: maximum current is measured at the fastest cycle rate. 



■ AC ELECTRICAL CHARACTERISTICS 










Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance (Ao-Aj,Din) 


C,.i 






PF 


1 


Input Capacitance (RAS , CAS , WE) 


Cat 






pF 


1 


Output Capacitance (Dout ) 


Cnl 






PF 


hi 



NOTES 

1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V IH to disable Dqut- 
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■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS U2! 

(Ta-0 to +70'C, Vcc = 5V±10%, V ss -0V) 



Parameter 


Symbol 


HM4864CC-2 


HM4864CC-3 


Unit 


Notes 



min 


max 


mill 


max 


Random Read or Write Cycle Time 


f.RC 


270 




335 




ns 




Read-Write Cycle Time 


(*»■■; 


270 




335 




ns 




Page Mode Cycle Time 


tK 


170 




225 




ns 




Access Time from RAS 


IftAC 




150 




200 


ns 


4,6 


Access Time from CAS 


tCAC 




100 




135 


ns 


5,6 


Output Buffer Turn-off Delay 


toFF 





40 





50 


ns 


7 


Transition Time (Rise and Fall ) 


h 


3 


35 


3 


50 


ns 


3 


RAS Precharge Time 


tRP 


100 




120 




ns 




.... 1 

RAS Pulse Width 


tius 


150 


10000 


200 


10000 


ns 




RAS" Hold Time 


tRSH 


100 




135 




ns 




CAS" Pulse Width 


ICAS 


100 




135 




ns 




CAS" Hold Time 


tcSH 


150 




200 




ns 




RAS to CAS Delay Time 


f BCD 


20 


50 


25 




ns 


8 


CAS to RAS Precharge Time 


tcRP 


-20 




-20 




ns 




Row Address Set-up Time 


(ash 












ns 




Row Address Hold Time 


( RAH 


20 




25 




ns 




Column Address Set-up Time 


Iasc 


-10 




-10 




ns 




Column Address Hold Time 


tCAH 


45 




55 




ns 




Column Address Hold Time referenced to RAS 


tAR 


95 




120 




ns 




Read Command Set-up Time 


lues 





— 





— 


ns 




Read Command Hold Time 


Irch 





— 





, — 


ns 




Write Command Hold Time 


IWCH 


45 


— 


55 


— 


ns 




Write Command Hold Time referenced to RAS 


iwCR 


95 





120 




ns 




Write Command Pulse Width 


twp 


45 


— 


55 


— 


ns 




Write Command to RAS Lead Time 


tmi 


45 


— 


55 


— 


ns 




Write Command to CAS Lead Time 


tcwL 


45 




55 




ns 




Data-in Set-up Time 


tos 












ns 


9 


Data-in Hold Time 


loH 


45 




55 




ns 


9 


Data-in Hold Time referenced to RAS 


tDHIt 


95 




120 




ns 




CAS Precharge Time (for Page-mode Cycle Only) 


tcp 


60 




80 




ns 




Refresh Period 


tR£F 




2 




2 


ms 




Write Command Set-up Time 


I»cs 


-20 




-20 




ns 


10 


CAS" to WE Delay 


tcwit 


60 




80 




ns 


10 


RAS" to WE Delay 


trt#D 


110 




145 




ns 


10 


RAS Precharge to CAS Hold Time 














ns 





NOTES 

1. AC measurements assume t T ■ 5ns. 

2. 8 cycles are required after p ower- on or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 

3- VlH (min) and Vj^ (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and Vj^. 

4. Assumes that t RCD £ t RCD (max). If t RCD is greater 
than the maximum recommended value shown in this 
table t RA Q exceeds the value shown. 

5. Assumes that t RCD ^ t RCD (max). 

6. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

7. tQFF (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

8. Operation with the t RCD (max) limit insures that 



{ RAC (max) can be met. t RCD (max) is specified as a 
reference point only; if t R cz, is greater than the 
specified t R cD (max) limit, then access time is 
controlled exclusively be t^AC' 
9. These parameters are refe rence to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 
10. twcs, 'CWD t R WD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if t wcs i l WCS (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
the entire cycle; if 'CW£> ^ 'CWD (min) and t R w D ^ 
f RWD (min) the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 
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HM4864CC-2, HM4864CC-3 



■ TIMING WAVEFORMS 
• READ CYCLE 



cas v '«- 

VlL 



WE y„ . 
Vn- 



• WRITE CYCLE 



Vl» 

CAS 



WE 



id. 



X 



,4 



• READ- WRITE/READ-MODIFY- WRITE CYCLE 



VlL 



VlL- 



-IMA* 



r=U=±^j "art 



D '" V 



\ ^ 

C V«liJ Dm 
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HITACHI 



HM4864CC-2, HM4864CC-3 



•"RAS-ONLY" REFRESH CYCLE 



Row Addreas 



CAS 







.Open 



• PAGE MODE RE 



:ycle 



33 



Vfat - 



3f 



\ =n. / 



: 9 



o £> — 1> 



v 







— 



• PAGE MODE WRITE CYCLE 




_ 



*— tBH ■ I (PS-WU IBM H 

lid Diu V )t V.l.d D.u V 

r» U-^ >p 



255 



HM4864I-2, HM4884I-3, 
HM4864K-2, HM4864K-3 

Wide Operating Temperature Range 



65536- word x 1-bit Dynamic Random Access Memory 

The HM4864 is a 65,536-words oy 1-bit, MOS random access 
memory circuit fabricated with HITACHI's double-poly N-channel 
silicon gate process for high performance and high functional 
density. The HM4864 uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. 

Multiplexed address inputs permit the HM4864 to be packaged in a 
standard 16 pin DIP on 0.3 inch centers. 

This package size provides high system bit densities and is 
compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 
+5V with ±10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL, maximum input 
noise immunity to minimize "false triggering" of the inputs, on-chip 
address and data registers which eliminate the need for interface 
registers, and two chip select methods to allow the user to determine 
the appropriate speed/power characteristics of this memory system. 
The ftM4864 also incorporates several flexible timing/operating 
modes. 

In addition to the usual read.write, and read-modify-write cycles, the 
HM4864 is capable of delayed write cycles, page-mode operation 
and RAS-only refresh. 

Proper control of the clock inputs (RAS, CAS, and WE) allows 
common I/O capability, two dimensional chip selection, and 
extended page boundaries (when operating in page mode). 

■ FEATURES 

• Wide Operating Temperature Range 



HM4864I-2/-3 


-40- +85°C 


HM4864K-2/-3 


-55- +85° C 

















(DG-16B) 





I PIN ARRANGEMENT 



NC[T 




"is] l^si 


D,n|"T 




TjcAS 


WE (7 




"l7|Dout 


RAS [7 




"i7[ai 


=g 




"l7|Ai 


*|7 




ID* 


47 




"|o]ai 


VctjT 




JJa. 



(Top View) 



Recognized industry standard 16-pin configuration 

150ns access time, 270ns cycle time (HM4864I-2, HM4864K-2) 

200ns access time, 335ns cycle time (HM4864I-3, HM4864k-3) 

Single power supply of +5V±10% with a built-in V BB generator 

Low Power; 330 mW active. 22 mW standby (max) 

The inputs TTL compatible, low capacitance, and protected 

against static charge 

Output data controlled by CAS and unlatched at end of cycle to 
allow two dimensional chip selection and extended page bound- 
ary 

Common I/O capability using "early write" operation 
Read-Modify-Write, RAS-only refresh, and Page-mode capability 
128 refresh cycle 



A. -A, 


Address Inputs 


CAS" 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


A0-A6 


Refresh Address Input 







-HM4864I-2, HM4864I-3, HM4864K-2, HM4864K-3 



IFUNCTIONAL BLOCK DIAGRAM 



R/W Clock 
Cenereior 



RAS Clod 
Genenior 



CAS Clock 
Generator 



SA.O 



Memory 
Arrty 



Memory 
Array 



Memory 
Array 



Memory 
Array 



Memory 
Amy 



Memory 
Amy 



Memory 
Array 



Memory 
Amy 



Diu in 
Buffer 



L -*l Dan ou! 

Buffer 



> V„ 



I ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative 

to Vss -1.0to+7V 

Operating Temperature, Ta 

(Ambient) . . -40 to +85°C (HM4864I Series) 

-55 to +85°C (HM4864K Series) 
Storage Temperature 

(Ambient) -65to+150°C 

Short-circuit Output Current . 50 mA N 
Power Dissipation 1 W 



IRECOMMENDED DC OPERATING CONDITIONS ( Ta= -40 to +85-C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Notes 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


j 


V S S 











v 


Input High Voltage 


V,H 


2.4 




6.5 


V 


1 


Input Low Voltage 


V, L 


1.0 




0.8 


V 


1 



•HM4864K Series; 7" a =-55 to +85 C 

■ DC ELECTRICAL CHARACTERISTICS (To- -40 to +85*C,* Vcc = 5V±10%, Vss=0V) 



Parameter 


Symbol 


min 


max 


Unit 


Notes 


OPERATING CURRENT 

Average Power Supply Operating Current f RAS, CAS Cycling; t rc -min. ) 


Ice l 




60 


m A 


2,4 


STANDBY CURRENT 

Power Supply Standby Current (RAS = Vih, Dout = High Impedance) 


ICCt 




4 


m A 


2 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = V, w; f *c = min. ) 


ICC 3 




45 


m A 


2.4 


PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 
(RAS = V,i.CAS Cycling; rpc = min.) 


ICC A 




45 


mA 


2.4 


INPUT LEAKAGE 

Input Leakage Current, any Input (V,«=0 to +6.5V, all other pins not 
under test = 0V ) 


lu 


-10 


10 


MA 


1 


OUTPUT LEAKAGE 

Output Leakage Current (Dout is disabled, V„. ( =0 to +5.5V) 


Ilo 


-10 


10 


ma 


3 


OUTPUT LEVELS 

Output High (Logic 1) Voltage ( /„, = - 5mA ) 
Output Low (Logic 0) Voltage (/«■ =4. 2mA ) 


VdH 

Vol 


2.4 



Vcc 
0.4 


V 
V 





NOTES 

1 . All voltages referenced to V^S- 

2. Ice depends on output loading condition when the device is selected. Iqq max. is specified at the output open condition. 
3- ! LO consists of leakage current only. 

4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 

5. *: HM4864K Series; r a = - 55 to +85°C 

■ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Ta-25'C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance (Ao-A;,Din) 


C, 




7 


pF 


1 


Input Capacitance (RAS. CAS. WE") 


Ci 




10 


pF 


1 


Output Capacitance (Dout ) 


CmI 


— 


7 


pF 


1.2 


MATCC 





1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V lH to disable D ijt- 



HM4864I-2, HM4864I-3, HM4864K-2, HM4864K-3 



I ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS " ! 

(To 40 to +85*C*. Vcc-5V±10%, V ss = 0V) 



Parameter 


Symbol 


HM4864I/K-2 


HM48641/K-3 


Unit 1 Notes 


min 


max 


min 


max 


nanaom rteaa or write cycle l ime 












D-.J Write Cvf\o Time 

neaQ-vvriie v^ycie i ime 


' RWC 


270 




335 








Page Mode Cycle Time 




170 




225 




ns 


■ 


Access Time from RAS 


'mc 




150 




200 


ns 


4, 6 


Access Time from CAS 


• Cj»C 




100 




135 


ns 


5, 6 


uutput Butter lurn-oit Delay 


I OFF 





40 





50 


ns 


7 


Transition Time (Rise and Fall) 


It 




35 


3 


50 


ns 


o 


rtAo rrecnarge l ime 


tllP 


100 




120 




ns 




pic p„| c „ Wi/lth 

n/\o r uise w loin 


tttAS 


150 


10000 


200 


10000 


ns 




D AC U„1J Time 

rirto noiu i ime 


tnsH 


100 




135 




ns 




PAC P,,lea Wirith 

CA& r*uise width 


tcAS 


100 




135 




ns 




pac u n M *r;™i 
LAo nolo 1 ime 


tcSH 


150 




200 




ns 




KAI) to LAS Delay 1 ime 


t*ca 


20 


50 


25 


65 


ns 


8 


tAo to nAo rrecnarge I ime 


tcRP 


— 20 




— 20 




ns 




Row Address Set up Time 


tASH 












ns 




Kow Address Hold 1 ime 


t RAH 


20 




25 




ns 




Column Address bet-up lime 


tASC 


-5 




— 5 




ns 




Column Address Hold Time 


tcAH 


45 




55 




ns 




Column Address Hold 1 ime referenced to KAb 


Iar 


95 




120 




ns 




Kead Command bet-up L ime 


'/ICS 












ns 




Kead Command Hold l ime 


IrCH 












ns 





write Command Hold lime 


twCH 


45 




55 




ns 




Write Command Hold Time referenced to KAb 


twcR 


95 




120 




ns 




llf ■» J T~> 1 11'' 1.1 

Write Command Pulse Width 


twp 


45 




55 




ns 




Write Command to KAb Lead 1 ime 


tRWL 


45 




55 




ns 




Write Command to CAb Lead 1 ime 


tart. 


45 




55 




ns 




Data-in Set-up Time 


I £(S 












ns 


9 


Data-in Hold Time 


f DH 


45 




55 




ns 




9 


Data-in Hold Time referenced to RAS 


toHR 


95 




120 




ns 




CAS Precharge Time (for Page-mode Cycle Only) 


t C p 


60 




80 




ns 




Refresh Period 


Iref 




2 




2 


ms 




Write Command Set-up Time 


twes 


-10 




-10 




ns 


10 


CAS to WE Delay 


Icv/D 


60 




80 




ns 


10 


RAS~to WE Delay 


Irwd 


no 




145 




ns 


10 


RAS" Precharge to CAS" Hold Time 


(rpc 












ns 





2. 



NOTES 

1. AC measurements assume tj- = 5ns. 

8 cycles are required after p ower- on or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 
V IH (min) and V IL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vjfj and Vj^. 
Assumes that t RCD £ t RCD (max). If t RCD is greater 
than the maximum recommended value shown in this 
table t RA c exceeds the value shown. 

5. Assumes that t RCD ^ t RCD (max). 

6. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

7. t FF (ma*) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

8. Operation with the t RCD (max) limit insures that 



4. 



t RAC (max) can be met. fyjcD (max) is specified as a 
reference point only; if t R c£> is greater than the 
specified t R cD (max) limit, then access time is 
controlled exclusively be t £. 
9. These parameters are refe rence to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 
10. furs, { CWD an( ' l RWD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if t^cs S'WCS ( mm ), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
the entire cycle; if 'CWD «J r CWD ( m in) and ^ 
<RWD (min) the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 



11. 



HM4864K Series; r a =-5S to +85°C 
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HITACHI 



HM4864I-2, HM4864I-3, HM4864K-2, HM4864K-3 



■ TIMING WAVEFORMS 
• READ CYCLE 



• "RAS-ONLY" REFRESH CYCLE 



kas r „. 

CAS '''«- 



iUmt >'»— sjrr- ■ 
up r._ 



»'E r,». 

ra- 
tal ''»«- 

I'm 



T (jus-, ^ 



< ;v»iid d.i»> 



Mdiess 

CAS 
tai 



X R^w Address k f~ 



-Open 



• WRITE CYCLE 



• PAGE MODE READ CYCLE 



KAS 
CAS 



— f«i , -t— ■ 

TjX ^ Column AiMrMi, 
1— (Wl 



— 




ta. ;>»- 



• READ- WRITE/ READ- MODI FY- WRITE CYCLE • PAGE MODE WRITE CYCLE 



cTs i » - 

In 



, -r — U -lnn-1 Iim( H -4— It m— 



- 1 , — ins, 

LrT~ f ' ~ 



|)»lll 

I Ma 



I'm 



Valid Data >■ 



gig Rjj S <f 




HM4864A-12, HM4864A-15, 
HM4864A-20 



HM4864A-12, HM4864A-15, 
HM4864A-20, HM4864AP-12, 
HM4864AP-15, HM4864AP-20 

65536- word x 1 -bit Dynamic Random Access Memory 
■ FEATURES 

• Industry standard 16- Pin DIP (plastic, Cerdip) 

• Single 5V (±10%) 

• On chip substrate bias generator 
Low Power: 250mW active, 18mW standby 
High speed: Access Time 120ns / 150ns / 200ns 
Common I/O capability using early write operation 
Page mode capability 
Output data controlled by CAS 

' TTL compatible 
' 128 refresh cycles - (2ms) 
i Hidden refresh capability 

I BLOCK DIAGRAM 





(DG-16B) 



HM4864AP-12, HM4864AP-15, 
HM4864AP-20 



(DP-16) 



I PIN ARRANGEMENT 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V$s —IV to 7V 

Operating temperature, Ta (Ambient) 0°C to 70°C 

Storage temperature (Cerdip) — 65° C to 150°C 

Storage temperature (Plastic) -55°C to 125°C 

Power dissipation 1 W 

Short circuit output current 50 mA 

■ RECOMMENDED DC OPERATING CONDITIONS (7a=0 to 70'C) 




Parameter 


Symbol 


m in. 


typ. 


max. 


Unit 


Notes 


Supply Voltage 


Vas 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


V,H 


2.4 




6.5 


V 


1 


Input Low Voltage 


V,L 


-1.0 

1 




0.8. 


V 


1 



Notes : L All voltages referenced to V>* 



A0-A7 

CAS 

Din 

Pout 

RAS 

WE 

V C C 

Vss 

A0-A6 



(Top View) 



Address Inputs 
Column Address i 
Data In 
Data Output 
Row Address Strobe 
Read/Write Input 
Power (+5V) 
Ground 

Refresh Address Inputs 



HM4864A-12, HM4864A-15, HM4864A-20, 

HM4864AP-12, HM4864AP-15, HM4864AP-20 

■ DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70'C, Vcc-5V + 10%. V«-0V) 



— 1 

Parameter 


Symbol 


HM48MA/P-12 


HM4864A/P-15 


HM4S64A/P-20 


Unit 


Notes 


min 


max 


min 


max 


min 


ma x 


Operating Current! RAS, CAS Cycling:t«c-mtn) 


Ice, 




55 




50 




44 


mA 


1.2 


Standby Cnrrent(RAS- V,„,Dout- High Impedance) 


Iccz 




3.5 




3.5 




3.5 


-A 

mA 




Refresh Current(RAS Cycling.CAS- V,„,f,c-min) 


Jca 




42 




38 




33 


mA 


2 


Standby Current(R~A~S~- V;», Dout Enable) 


/cC5 




5.5 




5.5 




5.5 


mA 


1 


Page Mode Current; RAS - V/i,Ca3 Cycling;l PC -min) 


Icct 




38 




35 




31 


mA 


1,2 


Input Leakage(0<K..,<6.5V) 


hi 


-10 


10 


-10 


10 


-10 


10 


M 




Output Leakage(Dout is disabled,0< V_,<5. 5V) 


Ilo 


-10 


10 


-10 


10 


-10 


10 


M 




Output Levels High(/.., 5mA) 


VoH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Levels Low(/„,-4. 2mA) 


Vol 





0.4 





0.4 





0.4 


V 





Notes) 1. Ice depends on output loading condition when the device is selected. In- max. is specified at the output open condition. 
2. Current depends on cycle rate : maximum current is measured at the fastest cycle rate. 



■ CAPACITANCE (Vcc = 5V±10%, 7a=25'C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Ao— A; , Din 


C, 




5 


pF 


1 


RA5.CAS.WE 


c, 




10 


pF 


1 


Output Capacitance 


Dout 


Cnl 




7 


PF 


1. 2 



Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 



2. C5S-V,« to disable Dout. 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(7o=0 to 70'C, Vcc-5V±10%, V ss -0V) 



Parameter 


Symbol 


HM4864A-12 


HM4864A-15 


HM4864A-20 


Unit 


Notes 














— — ^= 

Access 1 line rrom KAo 


I — __ — 




120 




150 




200 




2, 3 


Access Time From CAS 


tCAC 




60 




75 




100 




3. 4 


Out nut Riif f *>r Turn-fif f Dial a v 
WllipUl DUIicl 1 Ul II'UII veld) 






35 




40 




50 


ns 


5 


Transition Time (Rise and Fall ) 


f r 


3 


35 


3 


35 


3 


50 




6 


Random Read or Write Cycle Time 


tRC 


220 




260 




330 




ns 




RAS Precharge Time 


Lrp 


90 




100 




120 




ns 




RAS" Pulse Width 


Iras 


120 


10000 


150 


10000 


200 


10000 


ns 




CAS" Pulse Width 


tcAS 


60 


10000 


75 


ioooo 


100 


10000 


ns 




RAS" to CA~5"Delay Time 


tflCD 


25 


60 


25 


75 


30 


100 


ns 


7 


HAS" Hold Time 


tRSH 


60 




75 




100 




ns 




CAS Hold Time 


tcSH 


120 




150 




200 




ns 




CAS" to RA~3" Precharge Time 


t< Hf 


-10 




-10 




-10 




ns 




Row Address Set-up Time 


Iasr 

















ns 




Row Address Hold Time 


t RAH 


15 




15 




20 




ns 




Column Address Set-up Time 


tA$C 

















ns 




Column Address Hold Time 


tcAH 


20 




25 




30 




ns 




Column Address Hold Time Referenced to RAS 


Iar 


80 




100 




130 




ns 




WE Command Set-up Time 


twes 

















ns 


8 


Write Command Hold Time 


twCH 


40 




45 




55 




ns 




Write Command Hold Time Referenced to RAS 


Uih 


100 




120 




155 




J1S 




Write Command Pulse Width 


tw p 


40 




45 




55 




ns 




Write Command to RAS Lead Time 


Irwl 


40 




45 




55 




ns 




Write Command to CAS Lead Time 


tew l 


40 




45 




55 




ns 




Data-in Set-up Time 


tos 

















ns 


9 


Data-in Hold Time 


Idh 


40 




45 




55 




ns 


9 


Data-in Hold Time Referenced to RAS 


t OUR 


100 




120 




155 




ns 




Read Command Set-up Time 


tRCS 

















ns 




Read Command Hold Time Referenced to CAS 


tRCH 

















ns 




Read Command Hold Time Referenced to RAS 


tRRH 


10 




10 




10 




ns 




Refresh Period 


tREf 




2 




2 




2 


ms 




Read-Write Cycle Time 


Irwc 


245 




280 




345 




ns 




CAS to WE Delay 


tcWD 


40 




45 




55 




ns 


8 


RAS" to WE Delay 


Irwd 


100 




120 




155 




ns 




Page Mode Cycle Time 


tpc 


120 




145 




190 




ns 




CAS Precharge Time (for Page-mode Cycle Only) 


tcp 


50 




60 




80 




ns 




CAS Precharge Time 


tCFN 


30 




35 




45 




ns 




RAS"Precharge to CAS" Hold Time 


Irk 

















ns 
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HM4864A-12, HM4864A-15, HM4864A-20, 

HM4864AP-12, HM4864AP-15, HM4864AP-20 

Notes 

1. AC measurements assume t j- = 5ns. 

2. Assumes that t RC D ^ 'RCD (max). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that t R cD = { R CD (max). 

5. topp (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

6. V/fj (min) and Vjl (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and V IL . 

7. Operation with the t RCD (max) limit insures that 
tRAC (max) can be met, t R c D (max) is specified as a 
reference point only, if t R Q D is greater than the 
specified t RC o (max) limit, then access time is 
controlled exclusively by fcUC- 



8- twcS' l CWD and *R WD ve not restrictive operating 
parameters. 

They are included in the data sheet is electrical 
characteristics only; if twcs = f WCS (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if t CWD £ t CWD (min) and t RWD £ 
'RWD (min) the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

9. There parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 
10. An initial pause of lOOus is required after power-up 
followed by a minimum of 8 initialization cycles. 



■ TIMING WAVEFORMS 
• READ CYCLE 



\ 



z 



z - 



• WRITE CYCLE (EARLY WRITE) 



7 



V 



5= 



I I Don. C.re 




j I Don'l C»re 
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• READ- WRITE/READ- MODIFY- WRITE CYCLE 



HM4864A-12, HM4864A-15, HM4864A-20, 

HM4864AP-12, HM4864AP-15, HM4864AP-20 



CAS 



- "** -< NllH - - 

""""X X c °''"* , 



J«esK- 



i. 



• "RAS-ONLY" REFRESH CYCLE 



I I Don'! Cir. 



\ 



DC 



X 



\ / 



- 



| | Don'! C*r* 



• PAGE MODE READ CYCLE 



3 



■f K 



h3f 



-■-( f- — lua 



I I Don'. Cir. 
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HM4864AP-12, HM4864AP-15, HM4864AP-20 

• PAGE MODE WRITE CYCLE 



v„ 

CAS VlL 



tm 



Vim 




• HIDDEN REFRESH CYCLE 



t*SH 



A — K- 



| | Don't C«re 

















\ 












\\ 


// 














\/ Row \< 
X Addreii X 


Addrei 


•X > 


Row 
Addre» 


X 








IK 












/ 




ItMH 


— /Of, 


Open 


* IOC 

v.lid Dm. 



I I Don't Ctrt 
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H M4864ACG- 12, HM4864ACG- 15, 

HM4864ACG-20 Preliminary 



65536- word x 1 -bit Dynamic Random Access Memory 
■ FEATURES 



18-pin Leadless Chip Carrier 

Single 5V (±10%) 

On chip substrate bias generator 

Low Power: 250mW active, 18mW standby 

High speed: Access Time 1 20/1 50/200ns (max) 

Common I/O capability using early write operation 

Page mode capability 

Output data controlled by CAS 

TTL compatible 

128 refresh cycles/2ms 

Hidden refresh capability 




■ PIN ARRANGEMENT 



IBLOCK DIAGRAM 



TJJT -Jr/w ciockh' 



RAS Clock 
Generaior 



CAS Clock 
Genentor 



R'W Switch 



Memory 
Array 



Memory 
Arr»y 



Memory 
Array 



$ I ( :£ Row Dec. 



Memory 
Array 



Data out 
Buffer 



Data in 
Buffer 



Vbb Generator 



nn 



1MB 

A> A, Vcc A, 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V ss -1V to +7V 

Operating temperature, Ta (Ambient) 0°C to +70°C 

Storage temperature ., -65°C to +150°C 

Power Dissipation 1W 

Short circuit output current 50mA 



A0-A7 

CAS 

Din 

Pout 

RAS 

WE 

v CC 
v ss 

A0-A6 



Address Inputs 
Column Address Strobe 
Data In 
Data Output 
Row Address Strobe 
Read/Write Input 
Power (+5V) 
Ground 

Refresh Address Inputs 



I RECOMMENDED DC OPERATING CONDITIONS ( To— to 70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Notes 


Supply Voltage 




4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


v„ 


2.4 




6.5 


V 


1 


Input Low Voltage 


V,L 


-1.0 




0.8 


V 


1 



Notes : 1. All voltages referenced to V»: 



Nate) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specificatia/is. 
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■ DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70'C, Vce = 5V±10%, Vss-OV) 



Parameter 


Symbol 


HM4864ACG-12 


HM4864ACG-15 


HM4864ACG-20 


IT'.. 

Unit 


Notes 


min 


max 


min 


max 


min 


ma x 


Operating Current(RAS,CAS Cycling:! jc-min) 


Icci 




55 




50 


- 


44 


mA 


1,2 


Standby Cnrrent(RAS- V/s,Dout-High Impedance) 


Icci 




3.5 




3.5 




3.5 


mA 




Refresh Current(RAS Cycling, CAS- V,„,t»c-min) 


IcC3 




42 




38 




33 


mA 


2 


Standby Current(RAS- V,»,Dout Enable) 


Ices 




5.5 




5.5 




5.5 


mA 


1 


Page Mode Current(RAS - Vn.CAS Cycling;l P c-min) 


Icci 




38 




35 




31 


mA 


1,2 


Input Leakage(0<V„,<6.5V) 


n, 


-10 


10 


-10 


10 


-10 


10 


M 




Output Le«kage(Dout is disabled,0<V - „,<5.5V) 


ho 


-10 


10 


-10 


10 


-10 


10 


M_ 




Output Levels HigW/.., 5mA) 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Levels Low(/„,— 4.2mA) 


Vol 





0.4 





0.4 





0.4 


V 





Notes) 1. Ice depends on output loading condition when the device is selected, I a - max. is specified at the output open condition. 
2. Current depends on cycle rate : maximum current is measured at the fastest cycle rate. 

■ CAPACITANCE ( Vcc-5V±10%, Ta=25'C ) 



Item 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Ao— A?, Din 






5 


pF 


1 


RAS", CAS, WE 


Cat 




10 


pF 


1 


Output Capacitance 


Dout 






7 


pF 


1, 2 



Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CSS - V,„ to disable Dout. 

■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Ta-0 to 70°C, Vcc = 5V±10%, V ss -0V) 



Parameter 


Symbol 


HM4864ACG -12 


HM4864ACG-15 


HM4864ACG-20 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Access Time From RAS 


fiwc 




120 




150 




200 


ns 


2.3 


Access Time From CAS 


tcAC 




60 




75 




100 


ns 


3,4 


Output Buffer Turn-off Delay 


I OFF 




35 




40 




50 


ns 


5 


Transition Time (Rise and Fall) 


It 


3 


35 


3 


35 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


tkC 


220 




260 




330 




ns 




RAS Precharge Time 


Irp 


90 




100 




120 




ns 




RAS" Pulse Width 


tRAS 


120 


10000 


150 


10000 


200 


10000 


ns 




CSS" Pulse Width 


ICAS 


60 


10000 


75 


10000 


100 


10000 


ns 




RAS to CSS" Delay Time 


Ircd 


25 


60 


25 


75 


30 


100 


ns 


7 


ESS" Hold Time 




60 




75 




100 




ns 




CAS Hold Time 


ICSH 


120 




150 




200 




ns 




CAS to RAS Precharge Time 


tCRP 


-10 




-10 




-10 




ns 




Row Address Set-up Time 


tASH 

















ns 




Row Address Hold Time 


Irah 


15 




15 




20 




ns 




Column Address Set-up Time 


tASC 

















ns 




Column Address Hold Time 


tcAH 


20 




25 




30 




ns 




Column Address Hold Time Referenced to RAS 


tAR 


80 




100 




130 




ns 




WE Command Set-up Time 

















8 


Write Command Hold Time | twcH 


40 






Write Command Hold Time Referenced to RAS | twcn \ 100 | — | 120 | — | 155 | — [ ns 


Write Command Pulse Width j twp \ 40 | — | 45 — I 55 | — j ns 


Write Command to RAS Lead Time 


tRW L 


40 




45 




55 






Write Command to CAS Lead Time 


tew I 


40 




45 




55 








Data-in Set-up Time 


tos 

















ns 


9 


Data-in Hold Time 


toH 


40 




45 




55 




ns 


9 


Data-in Hold Time Referenced to WKS 


t OUR 


100 




120 




155 




ns 




Read Command Set-up Time 


tRCS 

















ns 




Read Command Hold Time Referenced to CAS 


tRCH 

















ns 




Read Command Hold Time Referenced to RAS 


tRRH 


10 




10 




10 




ns 




Refresh Period 


Irif 




2 




2 




2 


ms 




Read-Write Cycle Time 


tRWC 


245 




280 




345 




ns 




CAS" to WE Delay 


ICWD 


40 




45 




55 




ns 


8 


R~SS~to WE Delay 


tRWD 


100 




120 




155 




ns 




Page Mode Cycle Time 


tpc 


120 




145 




190 




ns 




CAS Precharge Time (for Page-mode Cycle Only) 


tCF 


50 




60 




80 




ns 




CAS Precharge Time 


tcps 


30 




35 




45 




ns 




RAS Precharge to CAS Hold Time 


Irpc 

















ns 
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Notes 

1. AC measurements assume t j- = 5ns. 

Assumes that Ircd ^ f RCD (max). If fj?C£> ' s greater 
than the maximum recommended value shown in this 
table, t RAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

Assumes that Ojcd g tRCD (max). 
'OFF (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

VjH (min) and Vji (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vj/f and V IL . 
Operation with the t RCD (max) limit insures that 
f RAC (max) can be met, t RCD (max) is specified as a 
reference point only, if t R co ■* greater than the 
specified t RCD (max) limit, then access time is 
controlled exclusively by tcAO 



2. 



4. 

5. 



6. 



7. 



10. 



t\vcs< 'CWD m & *R WD are not restrictive operating 
parameters. 

They are included in the data sheet is electrical 
characteristics only; if f^cs = 'WCS (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if t CWD £ t CWD (min) and t RWD ^ 
l RWD (min) the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

There parameters are refer ence d to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 
An initial pause of lOO^s is required after power-up 
followed by a minimum of 8 initialization cycles. 



■ TIMING WAVEFORMS 
• READ CYCLE 



AS "» 





(#f 

m <"" ■ 








1*1 

i i 






t«M r- ' " S " 
"* 1 . 










It a ( 








/ 
















Column Address 


< 




X 
































M 




t— Ion 

9— 




a- , 


nan d... 



• WRITE CYCLE (EARLY WRITE) 



Addrtiiti 
... 



IAS ! . - 



i — r 



X" 



Hi 



X 



H-'« I 



x 



A \ 



7 



P Don't C» re 
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• READ- WRITE/READ- MODIFY- WRITE CYCLE 



r« 



Vol 
V„ 
V.i 



•"RAS-ONLY" REFRESH 



CYCLE 



i3C 



□ D--. C.r, 



> 


m lu 






/ 

Z V=- 

x - 


in* _ 


< 



• PAGE MODE READ CYCLE 

MS „„ 




=T ^7 



□ to.-, c 
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• PAGE MODE WRITE CYCLE 



A K_ 




x v..,dD,u ; < x v - ujD - k ;,x" 



• HIDDEN REFRESH CYCLE 



| | Don'l Cr« 













■to 
















CAS 
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v» 




Add rum 








ft. 
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Dm 
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ft. 
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— - low 
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HM4865AP-12, HM4865AP-15 
HM4865AP-2Q 



65536-word x 1-bit Dynamic Random Access Memory 



FEATURES 

Auto Refresh Function 

Single power supply of 5V ± 10% 

High speed: Access time 120ns/150ns/200ns (max.) 

Low Power: 250mW active, 18mW standby 

On chip substrate bias generator 

Common I/O capability using early write operation 

Page mode capability 

Output data controlled by CAS 

TTL compatible 

128 refresh cycles/2ms 

Hidden refresh capability 

BLOCK DIAGRAM 



Memory 



ji Row D * c - 



Memorj 
Amy 



Hi 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Voltage on any pin 


V T 


-1.0 to +7.0 


V 


Supply Voltage 


Vcc 


-1.0 to +7.0 


V 


Short Circuit Output Current 


/„, 


50 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.„ 


to +70 


•c 


Storage Temperature 


T.„ 


-55 to +125 


"C 




■ PIN ARRANGEMENT 



rfsh[~T 




"iTjfss 


Din [~T 




"l7|cAS 


wlJT 




"lT| Pout 


RAsfT 




"iT[ a. 


A.|T 




Tlj Ai 






n] a. 


A. [7 




< 


Vcc [T 




T| A) 




(Top View) 




RFSH 


Refresh 


Ao~Ar 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power (+5V) 


V ss 


Ground 


Ao~Ae 


Refresh Address Inputs 



* with respect to Vss 

■ RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


V,H 


2.4 




6.5 


V 


r« 


-1.0 




0.8 


V 



Note) All voltages referenced to V ss . 



HITACHI 



HM4865AP-12, 1 



IDC ELECTRICAL CHARACTERISTICS (Ta=0 to 70'C, Vce = 5V±10%, V ss = 0V) 



Parameter 


Symbol 


HM4865A/P-12 


HM4865A/P-15 


HM4865A/P-20 


Unit 


Notes 


min 


max 


min 


max 


min 


ma x 




Operating Current! KAS, CAS Cycling:tKc-min) 


Icc\ 


— 


55 


— 


50 


— 


44 


mA 


1.2 


Standby Cnrrent(KA~5- V,„,Dout-High Impedance) 


Icci 


— 


3.5 


— 


3.5 




3.5 


mA 




Refresh Current(RAS Cycling.CAS- VW«c-min) 


/ CC3 




42 




38 




So 


mA 


2 


Standby Current(RAS— K/H.Dout Lnable) 


Ices 




5.5 




5.5 




5.5 


mA 


\ 


Page Mode Current(RAS= V/l.cAS Cycling;ipc = min) 


Ices 




38 




35 




31 


mA 


1.2 


Auto Refresh Current ( RFSH = Cycle, RAS= V,h ) 


Icci 




44 




40 




35 


mA 




Input Leakage(0<V„ ( <6.5V) 


I LI 


-10 


10 


-10 


10 


-10 


10 


M 




Output Leakage(Dout is disabled,0<V„,<5.5V) 


Ilo 


-10 


10 


-10 


10 


-10 


10 


M 




Output Levels High{/ 011| — — 5mA) 


VoH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output Levels Low(/„,=4. 2mA) 


Vol 





0.4 





0.4 





0.4 


v 





Notes) 1. Ice depends on output loading condition when the device is selected, In: max. is specified at the output open condition. 
2. Current depends on cycle rate: maximum current is measured at the faste'st cycle rate. 

1 CAPACITANCE ( Vcc = 5V± 10%, Ta= 25°C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Ao— A? , Din 


Ct„ 




5 


pF 


1 


RXS,CAS,WE 






10 


pF 


1 


Output Capacitance 


Dout 


c, 




7 


pF 


1. 2 



Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS5-V,, to disable Dout. 



I ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(r a =0to 70"C,Vcc = 5V±10%.V ss = 0V) 

IAC CHARACTERISTICS (Kcc-5V + 10%, V ss = 0V, Ta=0 to +70°C ) 1 >' 2 ' 



Item 


Symbol 


HM4865AP-12 


HM4865AP-15 


HM4865AP-20 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Random Read or Write Cycle Time 


t KC 


220 




260 




330 




ns 




Read-Write Cycle Time 


t RWC 


245 




280 




345 




ns 




Page Mode Cycle Time 


t PC 


120 




145 




190 




ns 




Access Time from RAS 


t RAC 




120 




150 




200 


ns 


4. 6 


= 

Access Time from CAS 


tcAC 




60 




75 




100 


ns 


5, 6 


Output Buffer Turn-off Delay 


t OFF 




35 




40 




50 


ns 


7 


Transition Time(Rise and Fall) 


t T 


3 


35 


3 


35 


3 


50 


ns 


3 


RAS Precharge Time 


t RP 


90 




100 




120 




ns 




RAS Pulse Width 


Iras 


120 


10000 


150 


10000 


200 


10000 


ns 




RAS Hold Time 


Irsh 


60 




75 




100 




ns 




CAS Pulse Width 


tcAS 


60 


10000 


75 


10000 


100 


10000 


ns 




CAS Hold Time 


tcSH 


120 




150 




200 




ns 




RAS to CAS Delay Time 


t RCD 


25 


60 


25 


75 


30 


100 


ns 


8 


CAS to RAS Precharge Time 




-10 




-10 




-10 




ns 




Row Address Set-up Time 


tASR 

















ns 




Row Address Hold Time 


t RAH 


15 




15 




20 




ns 




Column Address Set-up Time 


tASC 

















ns 




Column Address Hold Time 


tcAH 


20 




25 




30 




ns 




Column Address Hold Time referenced to RAS 


t AR 


80 




100 




130 




ns 




Read Command Set-up Time 


Ircs 

















ns 




Read Command Hold Time 


t RCH 

















ns 




Write Command Hold Time 


twCH 


40 




45 




55 




ns 




Write Command Hold Time referenced to RAS 


t WCR 


100 




120 




155 




ns 




Write Command Pulse Width 


twp 


40 




45 




55 




ns 




Write Command to RAS Lead Time 


tfWL 


40 




45 




55 




ns 





(to be continued) 

271 



HM4865AP-12, HM4865AP-15, HM4865AP-20 





Symbol 


HM4865AP-12 


HM4865AP-15 


HM4865AP-20 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Command to CAS Lead Time 


tan. 


40 





45 





55 





ns 




Data-in Set-up Time 


Ids 





_ 














ns 


9 


Data-in Hold Time 


ton 


40 





45 





55 





ns 


9 


Data-in Hold Time referenced to RAS 


tl>HR 


100 


_ 


120 


_ 


155 





ns 




CAS Precharge Time(for Page-mode Cycle Only) 


tCF 


50 


_ 


60 





80 





ns 




Refresh Period 


Ikef 




2 


_ 


2 





2 


ns 




Write Command Set-up Time 


twcs 




















ns 


10 


CAS to WE Delay 


tern 


40 


_ 


45 


_ 


55 





ns 


10 


RAS to WE Delay 


t RWD 


100 


_ 


120 


_ 


155 





ns 




RAS Precharge to CAS Hold Time 


t RFC 

















ns 




Read-modify-write Hold Time 


t RRH 


10 




10 




10 




ns 




CAS Precharge Time 


tcPH 


30 





35 





45 





ns 




RFSH Set-up Time 


1 FSK 


90 




100 




120 




ns 




RAS to RFSH Delay Time 


t RFD 


90 




100 




120 




ns 




RFSH Cycle Time 


tFC 


220 




260 




330 




ns 




RFSH Pulse Width 


Iff 


120 


5000 


150 


5000 


200 , 


5000 


ns 




RFSH Precharge Time 


lm 


90 




100 




120 




ns 





AC measurements assume tj = 5ns. 

An initial pause of 1 00ms is required after power-up followed by a minimum of 8 initalization of cycles. 
VrH(min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vjh and Vjl. 

Assumes that t RC D = tRco(max). If t RCD is greater than the maximum recommended value shown in this table, 
tRAC exceeds the value shown. 
Assumes that 'rcd™ 'rcd'" 1 **'' 

Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

*OFF( max ) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 

Operation with the tp_cD(max) limit insures that tRAc(max) can be met, tRCD (max) is specified as a reference 
point only, if tRCD I* greater than the specified tncD(max) limit, then access time is controlled exclusively by 
•CAC- 

These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed 
write or read-modify-write cycles. 

*WCS' 'CWD and 'RWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if twcs = *WCS( mm )' * ne cvc 'e is a " early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tcwD " <CWD( min ) and tRWD( min ) ,ne cvcle M a 
read/write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied the condition of the data out (at access time) is indeterminate. 




HM4865AP-12, HM4865AP-15, HM4865AP-20 



■TIMING WAVEFORM 
> READ CYCLE 



CAS 



WE 



Viu- 
V,L- 



Vli- 



X 



_X 



~K_X. 



/ 



z 



- 



7 



X 



'< V«)id D.u ft— 



] Don't Cure 



• WRITE CYCLE (EARLY WRITE) 



RAS 



cas r* 



It 



zx 



Ro. AJdr... 



WE 



Column Atidren 



_/7 



xz: 



,1 \ 



X 



I I Don't Cr. 
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HM4865AP-12, HM4865AP-15, HM4865AP-20 



• READ-MODIFY-WRITE CYCLE 



'Q; 



XDC 



X 



1 



.1 ! v_ 



1j- 1 



X 



X 




HITACHI 



HM4865AP-15, HM4865AP-20 



• PAGE MODE READ CYCLE 



Vt,- 
Vn- 



Vi«- 

Vl£- 



l/tte 

VlL- 



WE 



V,„- 
VlL- 



3 



A Add . 



,f K 




I I Uon'l Cire 
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HM4865AP-12, HM4865AP-15, HM4865AP-20 



• HIDDEN REFRESH CYCLE 



ntr 

RAS Vll - 



c-s 



V,L- 



v,.- 

VOL- 




Column 
Address 



Open 



Row 
Addrtu , 



V.lid U.n 



I | Don't Cirt 



• RFSH(PIN 1) REFRESH CYCLE 

v„ 

RAS / 
Hi _/ 
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262144-word x 1-bit Dynamic Random Access Memory 



■ FEATURES 

• Industry Standard 16-Pin DIP 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low Power: 350mW active, 23mW standby 

• Highspeed: Access Time 120ns/150ns/200ns(max.) 

• Common I/O capability using early write operation 

• Page mode capability 

• TTL compatible 

• 256 refresh cycles/4ns 

• 3 variation of refresh . . . RAS only re fresh 

CAS before RAS refresh 
Hidden refresh 

■ BLOCK DIAGRAM 





















(DG-16B) 



n 

Clock 

Generator 



CAS' 



CAS 
Clock 
Generator 



RAS" 



RAS 
Clock 
Generator 



Data-in 
Bofler 



Main Amps 



Daia-Out 
Buffer 



Dout 



.Address 
Buffers 



Memory 
Array 



Row 
Decoder 



Memory 
Array 



.ri)-.r7.act.-.c7 



Row 
Decoder 



Memory 
Array 



Generator 



■ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vejs -1V to +7V 

Operating temperature, Ta (Ambient) 0°C to +70°C 

Storage temperature -65°C to +1 50°C 

Power dissipation 1W 

Short circuit output current 50mA 

■ RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70°C) 



ARRANGEMENT 





TrT| Vss 


Din (T 


77] CAS 


we|T 


77] Doot 


RAS [T 


77] a. 


A. [7 


77] a. 


A, [7 


77] a. 


AlfT 


ToJai 


VtcfT 


TJA7 



(Top View) 



A,~A. 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


We 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


Ao— A? 


Refresh Address Inputs 



Note) The specifications of this device «re i 
change without notice. 

Please contact your nearest HiUchis Sales 
Dept. regarding specifications. 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


Vim 


2.4 




6.5 


V 


1 


Input Low Voltage 


Ki 


-1.0 


- 


0.8 


V 


1 



Note) 1. All voltages referenced to Vss 
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HM50256-12, HM50256-15, HM50256-20 

■ DC ELECTRICAL CHARACTERISTICS (7a— to +70"C, V CC -5V±10%, V ss «0V) 



Parameter 


Symbol 


HM50256-12 


HM50256-15 


HM50256-20 


Unit 


Notes 


min 


max 


min 








Uperatmg LurrenunAo, i^as cycling . irc minj 


tcci 




B9. 
Oi 








55 


^ 


1 


standby ^urrent\t\AS" vm, i/out — nign impedance j 


i CCI 




4.5 




4.5 




4.5 


mA 




D.[.„ r U r......,/ D A Q nn | v SefrAeh f n^ — mini 

tvetresn i^urrennnAo oniy neiresn, *«c minj 






62 




53 




42 


mA 




Standby Current(RAS- V IH , Dout Enable) 


/CC5 




10 




10 




10 


mA 


1 


Refresh Current(CAS before RAS Refresh, t* c -min) 


Icct 




69 




58 




45 


mA 




Input leakage(0< V„,<7V) 


III 


-10 


10 


-10 


10 


-10 


10 


M 




Output leakage(0< V„,<7V) 


la 


-10 


10 


-10 


10 


-10 


10 


„A 




Output levels High(/„, 5mA) 




2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output levels Low(/„,-4. 2mA) 


Vol 





0.4 

I , 





0.4 





0.4 


V 





Notes) I. he depends on output lo.di.ig condition when the device is selected. Ice max is specified .t the output open condition. 



■ CAPACITANCE (Vcc-5V±10%, Ta-25'C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


C„ 




5 


pF 


1 


Clocks, Data-out 


Cm 




7 


1, 2 



Notes) I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS- Vm to disable Dout. 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(7Y.-0 to +70'C, V- CC -5V±10%, Vis-OV) 



Parameter 


Symbol 


HM50256-12 


HM50256-15 


HM50256-20 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Access Time from RAS 


taac 




120 




150 




200 


ns 


2. 3 


Access Time from CAS 


tcAC 




60 




75 




100 


ns 


3, 4 


Output Buffer Turn-off Delay 


I OFF 




30 




40 




50 


ns 


5 


Transition TimelRise and Fall) 


lr 


3 


50 


3 


50 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


(jic 


220 




260 




330 




ns 




RAS Precharge Time 


far 


90 




100 




120 




ns 




RAS Pulse Width 


t HAS 


120 


10000 


150 


10000 


200 


10000 


ns 




CAS Pulse Width 


teas 


60 


10000 


75 


10000 


100 


10000 


ns 




RAS to CAS Delay Time 


face 


25 


60 


25 


75 


30 


100 


its 


7 


RAS Hold Time 


tnsH 


60 




75 




100 




ns 




CAS Hold Time 


tcsH 


120 




150 




200 




ns 




CAS to RAS Precharge Time 


(cap 


10 




10 




10 




ns 




Row Address Set-up Time 


'as* 

















ns 




Row Address Hold Time 


taaff 


15 




15 




20 




ns 




Column Address Set-up Time 


Iasc 

















ns 




Column Address Hold Time 


tcAH 


20 




25 




30 




ns 




Column Address Hold Time referenced to RAS 


tax 


80 




100 




130 




ns 




WE Command Set-up Time 


t»CS 

















ns 


8 


Write Command Hold Time 


f HCH 


40 




45 




55 




ns 




Write Command Hold Time referenced to RAS 


tvKH 


100 




120 




155 




ns 




Write Command Pulse Width 


twp 


40 




45 




55 




ns 




Write Command to RAS Lead Time 


t RWL 


40 




45 




55 




ns 




Write Command to CAS Lead Time 


tcWL 


40 




45 




55 




ns 




Data-in Set-up Time 


Ids 

















ns 


9 


Data-in Hold Time 


Ids 


40 




45 




55 




ns 


8, 9 


Data-in Hold Time referenced to RAS 


ttHM 


100 




120 




155 




ns 




Read Command Set-up Time 


t/tcs 

















ns 




Read Command Hold Time referenced to CAS 


tacH 

















ns 




Read Command Hold Time referenced to RAS 


t nan 


10 




10 




10 




ns 




Refresh Period 


t KEF 




4 




4 




4 


ms 





(to be continued) 
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HM50256-12, HM50256-15, HM50256-20 



Parameter 


Symbol 


HM50256-12 


HM50256-15 


HM50256-20 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Read-Write Cycle Time 


t KMC 


265 


— 


310 


— 


390 




ns 




CAS to WE Delay 


tcWD 


60 




75 




100 




ns 


8 


RAS to WE Delay 


turn 


120 




150 




200 




ns 




CAS Precharge Time 


tcpH 


50 




60 




80 




ns 




CAS Setup Time 


tcsk 


10 




10 




10 




ns 




CAS Hold Time ( CAS before RAS Refresh) 


IcHK 


120 




150 




200 




ns 




RAS Precharge to CAS Hold Time 


Irk 
















ns 





Notes 

1. AC measurements assume tj = 5ns. 

Assumes that t RCD g t RCD (max). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

Assumes that t RCD ^t RCD (max). 
'OFF (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

Vj H (min) and V IL (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and V IL . 
Operation with the t RCD (max) limit insures that 
<RAC (max) can be met, t RCD (max) is specified as a 
reference point only, if t RCD is greater than the 
specified t RCD (max) limit, then access time is 
controlled exclusively by t CAC . 



2. 



4. 

5. 



6. 



10. 

11. 



' WCS> 'CWD *"d l R WD are not restrictive operating 
parameters. 

They are included in the data sheet is electrical 
characteristics only; if t wcs ^ t wcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if t CWD £ t CWD (min) and t RWD Z 
f RWD ( m 'n) the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

There parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 
An initial pause of 100(us is required after power-up 
followed by a minimum of 8 initialization cycles. 
Minimum of 8 CAS before RAS refresh cycle is re- 



quired before using internal refresh counter. 



■ TIMING WAVEFORMS 
►READ CYCLE 
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HM50256-12, HM50256-15, HM50256-20 
• WRITE CYCLE 



RAS 



CAS 



"3! 



— - 











— v 1 

_Jk i 



Hi Z 



• READ MODIFY WRITE CYCLE 



"CaT 



Address 



WRITE 















« (Bin m- 


1*1 




\ 

t««« t«Sc 


St 




■m tcwL "^^^ 


tcAH 






x 




XX 


\ 


/ 










"« fCWD « 










■ 

tos 








iDH 






X 


X 






*C4C » 

-tiMc «• 

< 


: > 



-HM50256-12, HM50256-15, HM50256-20 



• RAS ONLY REFRESH CYCLE 



RAS 



CAS 







• REFRESH ADDRESS Ao - At( AXo- AXt) 

• HIDDEN REFRESH CYCLE 



(READ) Ins ^ 't^ 



Address 



o: 



(REFRESHI 



-!««- 







/ V 





< 



> 



• CAS BEFORE RAS REFRESH CYCLE 

RAS 



CAS 



7 - fr — — y u -K . "" . S 



V 



Dnn't care 
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HM50256-12, HM50256-15, HM50256-20 
• COUNTER TEST 

RAS 



REFRESH) 



(READ/WRITE) / 



CAS 



Address 




(A8) /*\ /K . 



WRITE 



I PAGE MODE CHARACTERISTICS (Ta- to + 7<TC, V CC =5V±10%, V ss = 0V) 



Parameter 


Symbol 


HM50256-12 


HM50256-15 


HM50256-20 


Unit 


min 


max 


min 


max 


min 


max 


Page Mode Supply Current 


/cci 




57 




48 




37 


mA 


Page Mode Read or Write Cycle 


(PC 


120 




145 




190 




ns 


CAS Precharge Time, Page Cycle 


icp 


50 




60 




80 




ns 


Page Mode Read Modify Write Cycle 


Ik* 


165 




195 




250 




ns 



• PAGE MODE READ CYCLE 

RAS 



■- ..... .... — — aJtrtu 



WRITE 



v 
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HM50256-12, HM50256-15, HM50256-20 

• PAGE MODE WRITE CYCLE 



K 



2 



A 



X 



Ire 



1 



Dout 



/ * 



X 



f 



K 1 X 











HM50257-12, HM50257 
HM50257-20 



-15, — Preliminary 



2621 44- word x l -bit Dynamic Random Access Memory 

■ FEATURES 

• Industry standard 16-pin DIP 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low Power: 350m W active, 20m W standby 

• Highspeed: Access Time 120ns/150ns/200ns (max.) 

• Common I/O capability using early write operation 

• Nibble mode capability 

• Indifinite Dout hold using CAS control 

• TTL compatible 

• 256 refresh cycles (4ms) 

• 3 Variations of refresh; RAS only refresh, CAS befor RAS 

refresh. Hidden refresh 

■ BLOCK DIAGRAM 




ARRANGEMENT 
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Buffer 



A. 

A70- 



Address 
Buffers 



Main Amps 

51 , I H 



Dout 



Memory 
Array 



Mcmorj 
Array 
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Memory 
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ar0-ar".ac()-ac7 



Row 
Decoder 



Memory 
Array 



Vbb 

Generaior 



A,[T 




Din[T 


"Id"] CAS 


we[T 


77] Dout 


RASp" 


77] a. 


Ai|T 


77] ai 


A.[T 


77] a. 


Ai 


77] At 


Vic [T 


T]a. 



(Top View) 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss -IV to +7V 

Operating temperature, Ta (Ambient) 0°C to +70°C 

Storage temperature -65°C to +150°C 

Power dissipation 1W 

Short circuit output current 50mA 

■ RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70 °C) 



A o~Ae 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


we 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


Ao — At 


Refresh Address Inputs 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


V/» 


2.4 




6.5 


V 


1 


Input Low Voltage 


V,L 


-1.0 




0.8 


V 


1 



Note) 

The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachis Sales 
Dept. regarding specifications. 



Note 1) All voltages referenced to Vss. 
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HM50257-12, HM50257-15. HM50257-20 

■ DC ELECTRICAL CHARACTERISTICS {Ta=0 to +70'C, Vcc=5V±10%, V ss = 0V) 



Parameter 


Symbol 


HM50257-12 


HM50257-15 


HM50257-20 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Operating Current (RAS, CAS Cycling : /«c="min) 


feci 




83 




70 


— 


55 


mA 


1 


Stand by Current (RAS™ Vih, Dout = High Impedance) 


lea 




4.5 




4.5 




4.5 


mA 




Refresh Current (RAS only Refresh, lsc — min) 


lea 




62 




53 




42 


mA 




Standby Current (RAS— V, H , Dout Enable) 


lea 




10 




10 




10 


mA 


1 


Refresh Current (CAS before RAS Refresh, t*c= min) 


lea 




69 




58 




45 


mA 




Input leakage (0<V..',<7V) 


lu 


in 


10 


lu 


10 


10 


10 


M 




Output leakage (0< V..,< 7V) 


lie 


-10 


10 


-10 


10 


-10 


10 


M 




Output levels High (/.., 5mA) 


Voh 


2.4 


Vee 


2.4 


Vcc 


2.4 


Vcc 


V 





Output levels Low (/..i — 4.2mA) 


Vol 





0.4 





0.4 





0.4 


V 





Notes) 1. Ice depends on output loading condition when the device is selected Ice max, is specified at the output open condition. 



■ CAPACITANCE (Vcc = 5V±10%, r a =25°C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


C„ 




5 


pF 


1 


Clocks, Data-Out 


Cn 




7 


1, 2 



Notes) 1 . Capacitance measured with Boonlon Meter or effective capscitnr.ee measuring method. 
2. CAS-Vi« to disable Dout. 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Ta=0 to +70°C, Vcc = 5V±10%, V ss = 0V) 

, . . . , r— 





Symbol 


HM50 


57-12 


HM50257-15 


HM50257-20 


Unit 


Notes 


Parameter 


min 




min 


max 


min 


max 


Access Time from RAS 


tkAC 




120 




150 




200 


ns 


2, 3 


Access Time from CAS 


tCAC 





60 




75 




100 


ns 


3,4 


Output Buffer Turn-off Delay 


I OFF 




30 




40 




50 


ns 


5 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


lite 


220 




260 




330 




ns 




RAS Precharge Time 


tup 


90 




100 




120 




ns 




RAS Pulse Width 


Iras 


120 


10000 


150 


10000 


200 


10000 


ns 




RAS Pulse Width 


tcAS 


60 


10000 


75 


10000 


100 


10000 


ns 




R~AS to CAS Delay Time 


tltCD 


25 


60 


25 


75 


30 


100 


ns 


7 


RAS Hold Time 


t RSH 


60 




75 




ioo 




ns 




CAS Hold Time 


tcSH 


120 




150 




200 




ns 




CAS to RAS Precharge Time 


tCRP 


10 




10 




10 




ns 




Row Address Set-up Time 


Iasr 

















ns 




Row Address Hold Time 


t RA H 


15 




15 




20 




ns 




Column Address Set-up Time 


tASC 

















ns 




Column Address Hold Time 




20 




25 




30 




ns 




tCAM 










Column Address Hold Time referenced to RAS 


Iar 


80 




100 




130 




ns 




WE Command Set-up Time 


twos 

















ns 


8 


Write Command Hold Time 


IWCH 


40 




45 




55 




ns 




Write Command Hold Time referenced to RAS 


twCR 


100 




120 




155 




ns 




Write Command Pulse Width 


twp 


40 




45 




55 




ns 




Write Command to RAS Lead Time 


tRWL 


40 




45 




55 




ns 




Write Command to CAS Lead Time 


tcwi 


40 




45 




55 




ns 




Data-in Set-up Time 


tDS 

















ns 


9 


Data-in Hold Time 


toH 


40 




45 




55 




ns 


8,9 


Data-in Hold Time referenced to RAS 


tDHR 


100 




120 




155 




ns 




Read Command Set-up Time 


tRCS 

















ns 




Read Command Hold Time referenced to CAS 


Irch 

















ns 




Read Command Hold Time referenced to RAS 


Irrh 


10 




10 




10 




ns 




Refresh Period 


tREF 




4 




4 




4 


ns 





(to be continued ) 




HM50257-12, HM50257-15, HM50257-20 



Parameter 


Symbol 


HM50257-12 


HM50257-15 


HM50257-20 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Read-Write Cycle Time 


t RWC 


265 




310 




390 




ns 




CAS to WE Delay 


tcWD 


60 




75 




100 




ns 


8 


RAS to WE Delay 


thWD 


120 




150 




200 




ns 




CAS Precharge Time 


icPN 


50 




60 




80 




ns 




CAS Setup Time 


tcSR 


10 




10 




10 




ns 




CAS Hold Time (CAS before RAS Refresh) 


t CHR 


120 




150 




200 




ns 




RAS Precharge-to CAS Hold Time 


tRPC 

















ns 





Notes 

h AC measurements assume ty = 5ns. 

2. Assumes that f#CD ^ f RCD (max). If ( RCD > s greater 
than the maximum recommended value shown in this 
table, tR aq exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that t RCD ~Z.t RCD (max). 

5. tQFF (max) defines the time it which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

6. Vjh (min) and Vn (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vjh and Vj^. 

7. Operation with the f/jcD (max) limit insures that 
, RAC (max) can be met, tRCD (max) is specified as a 
reference point only, if fRCD K greater than the 
specified f/jcD (max) limit, then access time is 
controlled exclusively by tcAC- 

■ TIMING WAVEFORMS 
• READ CYCLE 



l WCS> l CWD and l RWD are not restrictive operating 
parameters. 

They are included in the data sheet as electrical 
characteristics only; if twcs = l WCS (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if fctvX) ^ tcWD (min) and f/jivo >2 
*RWD ( min ) tne cvcle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
. minate. 

9. There parameters are refer ence d to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 
10. An initial pause of 100ms is required after power-up 

followed by a m inimu m of 8 i nitia lization cycles. 
II. Minimum of 8 CAS before RAS refresh cycle is re- 
quired before using internal refresh counter. 
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• WRITE CYCLE 



HM50257-12, HM50257-15, HM50257-20 




HM50257-12, HM50257-15, HM50257-20 



• RAS ONLY REFRESH CYCLE 

"RAS 



CAS 



Address 



» REFRESH ADDRESS A.-A7<AX»-AX7) 

•HIDDEN REFRESH CYCLE 



RAS 



' ^ (READI i.as ^' 3 ^ 



t R AH 

K 



WRITE 



(REFRESH) 



* V 



X 



< 



> 



• C~S5 BEFORE RAS REFRESH CYCLE 

J \ jr ~j A- 1.> — -j\ r 



R\S 



CAS 




y — 







Address 



vgy n I i mo n i 



HM50257-12, HM50257-15, HM50257-20 



•COUNTER TEST 

RAS 



WRITE 



(READ/WRITE) 



X '*«» X X 



I NIBBLE MODE CHARACTERISTICS (To=0 to +70°C, Fcc = 5V±10%, Vss=0V) 



Parameter 


Symbol 


HM50257-12 


HM50257-15 


HM50257-20 


Unit 


min 


max 


min 


max 


min 


max 


Nibble Mode Supply Current 


Icct 




57 




48 




37 


mA 


Nibble Mode Access Time 


tNAC 




20 




25 




35 


ns 


Nibble Mode RAS Cycle Time 


tsRC 


390 




460 




590 




ns 


Nibble Mode RAS Pulse Width 


t NRA 


290 




350 




460 




ns 


Nibble Mode Cycle Time 


ftfC 


50 




60 




80 




ns 


Nibble Mode CAS Precharge Time 


tucp 


20 




25 




35 




ns 


Nibble Mode CAS Pulse Width 


tsCA 


20 




25 




35 




ns 


Nibble Mode RAS Hold Time 


Inrsh 


40 




45 




55 




ns 



» NIBBLE MODE READ CYCLE 

RAS 



WRITE 



; - /hp 

/ 


■\ 


twite 


>- 












sc m 


■4 — tSRSH — - 






t RAH 


"t.VCp" \ 








% 




X 


X 














M tRCH 


/ 


tf>FF 




V 
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HM50257-12, HM50257-15, HM50257-20 
• NIBBLE MODE WRITE CYCLE 



CAS 



Address 



WRITE 




L 



^ KX XX ~Y 



X 



290 



Atfi uitapui 
nil AV/rii 
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HN61364P, HN61364FP 



8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61364P/FP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 

The active level of the CS, OE ~ OE 2 inputs and the memory content 
are defined by the user. The Chip Select input deselects the output and 
puts the chip in a powerdown mode. 

■ FEATURES 

• Fully Static Operation 

• Automatic Power Down 

• Single +5V Power Supply 

• Three-state Data Output for OR-ties 

• Mask Programmable Chip Select and Output Enable 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Standby and Low Power Operation; Standby 5/iW (typ). 
Operation 50mW (typ) 

• Pin Compatible with EPROM 

■ BLOCK DIAGRAM 



AI0- 
Al 1 " 
AI2- 

•CS- 
•OE0 
•OEl 
•OE2 



Address 
Decoder 












Memory 
Matrix 
(8192 x B> 




J-State 
Output 
Buffe 3 




















It 



* Active ltvtl defined by the . 



■ ABSOLUTE MAXIMUM RATINGS 



* with respect to V ss 

■ RECOMMENDED DC OPERATING CONDITIONS 



HN61364P 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


Input Voltage* 


Vm 


-0.3 to +7.0 


V 


Operating Temperature 


Topr 


-20 to +75 


°c 


Storage Temperature 


T ltg 


-55 to +125 


°c 


Bias Storage Temperature 


Tb iat 


-20 to +85 


°c 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage » 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage* 


V IL 


-0.3 




0.8 


V 


VlH 


2.2 






V 


Operating Temperature 


Topr 


-20 




75 


°C 




(DP- 28) 



HN61364FP 




(FP-54) 



■ PIN ARRANGEMENT 
• HN61364P 



nc[T 










27)OE, * 


A,|T 




26]OE 2 * 


*<\±_ 




25] A 8 


\ S \T 




24] A, 


A 4 |T 




23]A U 


A 3 |T 




22]OE * 


A 2 [8 




2l]A,„ 


A,[9 




20]CS* 


A |To 




T5]D 7 


D [n 




TsjD,, 


D,[l2 




Tt]d s 


D 3 [l3 




jI]d 4 






7|]D 3 



(Top View) 
• HN61364FP 



5 X~S\ 



* with respect to Vss 
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| a |,| B W l«M*H»T 

(Top View) 



HN61364P, HN61364FP 



■ ELECTRICAL CHARACTERISTICS [V cc = 5V±10%, Vss = OV, T a = -20 to +75°C 



Item 


Qvmhnl 
oy uiuui 




min 


typ 


max 


Unit 




y IH 





i.i 




K„„ 
' CC 


V 


Innnt I nw-lpvpl Vnltatrp 


v.. 

Y 1L 




—U.J 




U.o 


v 

V 


Output High-level Voltage 


v OH 


1 OH — *v3M" 








y 


Output Low-level Voltage 


y OL 










y 


Input Leakage Current 


I 

'In 


V in =0 to S.5V 








ii A 

MA 


Output High-level Leakage Current 


Iloh 


V .='2 4V CS=0 8V CS=2 2V 






10 




Output Low-level Leakage Current 


Ilol 


K out =0.4V, CS=0.8V, CS=2.2V 






10 


ma 


Supply Current 


Active 


Ice* 


K cc =5.5V,/ ollf =0mA 




10 


25 


mA 


Standby 


I SB 


K CC =5.5V, CS^K CC -0.2V, CS^0.2V 




1 


30 


ma 


Input Capacitance 


Qn 


^in=0V, /^lMHz, 7>25°C 






10 


pF 


Output Capacitance 


Cout 






15 


pF 



steady state current 

i RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 

(Vcc=5V±10%, V ss = 0V, r<z--20 to +75'C, J,= t/-20ns) 



Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


f RC 


250 




ns 


Address Access Time 


t AA 




250 


ns 


Chip Select Access Time 


f ACS 




250 


ns 


Chip Selection to Output in Low Z 


t CLZ 


10 




ns 


Output Enable to Output Valid 


t(3E 




100 


ns 


Output Enable to Output in Low Z 


l OLZ 


10 




ns 


Chip Deselection to Output in High Z 


tcHZ 





100 


ns 


Chip Disable to Output in High Z 


toHZ 





1-00 


ns 


Output Hold from Address Change 


I OH 


10 




ns 



TIMING WAVEFORM 
lCycl«(1) 



-IRC- 



Dout 



—lot: 
'oiz 



-I ACS- 



mzzzi 



J Oil , 



Cycle (2) Notes 1,3 



CD 


— Irc ^ 

( ) 


( 


— t lAA — 

— ton 




— lOH — 




)(XXX> 







• Read Cycle (3) Notes 2, 3 




J 



• AC TEST LOAD 



l30pF 



r 
P 

!/-20hb 
includes j 



5 .0 V ( y„.) 



Notes) 1. (,-t/-2 

2. Ci includes jig cpsciunce. 

3. All diodes sre 1S2074®. 



NOTES: 

1 . Device is continuously selected. 

2. Address Vaild prior to or coincident 
with CS transition low. 

3. OE = V IL 
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HN61365P 



8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61365P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, 
has compatibility with TTL, and requires no clocks or refreshing 
because of static operation. 

The active level of the CS input and the memory content are de- 
fined by the user. The chip select input deselects the output and 
puts the chip in a power-down mode. 

■FEATURES 

• Fully Static Operation 

• Automatic Power Down 

• Single +5 Volt Power Supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Chip Select 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Standby and Low Power Operation; Standby 5juW 
(typ.). Operation 50mW (typ.) 

• Pin Compatible with EPROM 



IBLOCK DIAGRAM 




IPIN ARRANGEMENT 



Ao_ 
Ai _ 
Ai - 
Ai- 
A.- 
As - 
Ai - 
Al- 
Ai- 
A>- 
Aio - 
An - 
Ai: - 

»CS. 



Address 
Decoder 



Memory 
I 

Matrix 

(8192X8) 



3-Sute 

Output 

Buffers 



■ Do 

- Di 

• Di 
-Di 

- D. 

■ Ds 
-D. 

• D. 




(Top View) 



Vcc = Pin 24 

Vss = Pin 12 



* Active level defined by the user. 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


Input Voltage* 


V,. 


-0.3 to +7.0 


V 


Operating Temperature 


r„. 


-20 to +75 


•c 


Storage Temperature 




-55 to +125 


•c 


Storage Temperature (under bias) 




-20 to +85 


•c 



* with respect lo Pu 
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HN61365P 



I RECOMMENDED DC OPERATING CONDITIONS 



Item 




Symbol 


min 


typ 


max 


Unit 


Supply Voltage * 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage * 


V IL 


-0.3 




0.8 


V 


V,„ 


2.2 




Vcc 




Operating Temperature 





-20 


' ' 


75 







» With respect to Vs, 

■ ELECTRICAL CHARACTERISTICS (V"cc = 5V ±10%, V ss = 0V, 



Ta= 



-20 to +75°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Voltage 


V,H 




2.2 




Vcc 


V 


V,L 




-0.3 




0.8 


V 


Output Voltage 


Voh 


/o»--205M 


2.4 






V 


Vol 


Joi.-3.2mA 






0.4 


V 


Input Leakage Current 


lu 


V,»-0~5. 5V 






2.5 


M 


Output Leakage Current 


Iloh 


CS-0.8V, CS-2.2V 


V„,-2.4V 






10 


M 


hot. 


V...-0.4V 






10 


M 


Active Supply Current 


Ice* 


V CC -5.5V, /ooor-OmA 




10 


25 


mA 


Stand by Supply Current 


IsB 


CS2Vcc-0.2V, CSS0.2V, Vcc— 5.5V 




1 


30 


M 


Input Capacitance 


c. 


V..-0V, /-1MHz, Ta-25"C 






10 


pF 


Output Capacitance 


c, 






15 


pF 



AC C 



.* Steady state current 

■ RECOMMENDED AC OP 

• READ SEQUENCE (Vcc = 5V± 10%, V ss -0V, To 20 to +75'C, t,= i/=20ns) 



Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


ific 


250 




ns 


Address Access Time 


Iaa 




250 


ns 


Chip Select Access Time 


tACS 




250 


ns 


Chip Selection to Output in Low Z 


tdZ 


10 




ns 


Chip deselection to Output in High Z 


tcHZ 





100 


ns 


Output Hold from Address Change 


toH 


10 




ns 



• AC TEST LOAD 



• READ CYCLE (1) 



Z3( 




/zzz 



zz 



m- 





o5.ov<i' ct .) 




SR t =2.4kn 


Test Point o— • 1 


' — M — 1 


!30pl ^ ; 


iilkn ^ 









• READ CYCLE (2) (Notes 1) 



• READ CYCLE (3) (Notes 2) 

is 




Notes) 1. l,-l ; -20ns. 

2. C L includes jig capacitance. 

3. All diodes are 1S2074®. 



Notes) 

1 . Device is continuously selected 
2. Address Valid prior to or coincident with CS 
transition low. 
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HN61366P 



8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61366P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 

The active level of the OE input and the memory content are defined 
by the user. 

■FEATURES 

• Fully Static Operation 

• Single +5V power supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Output Enable 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Operation; 50mW (typ.) 

• Pin Compatible with EPROM 

■ BLOCK DIAGRAM 



A» . 
At - 
Ai - 
Ai - 
Ai . 
Al- 
A>- 
Al- 
A.- 
A>- 
Ai.- 
Aii- 
Aii- 



Addre.s 
Decoder 



Memory 
Matrix 

(8192X8) 








IPIN ARRANGEMENT 



3-State 
Output 
Beffers 



-D. 
-Di 
-Dj 

-Fa 

-a 

-Di 
-Di 
-Dt 




* Active level defined by the user. 



(Top View) 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


Input Voltage* 


v.. 


-0.3 to +7.0 


V 


Operating Temperature 


T.„ 


-20 to +75 


*C 


Storage Temperature 


T... 


-55 to +125 


•c 


Storage Temperature (under bias) 


r iltJ 


-20 to +85 


•c 



* With respect to Vss 



■ RECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 








Unit 


min 


typ 


max 


Supply Voltage* 


Vcc 




4.5 


5.0 


5.5 


V 


Input Voltage* 


V, L 


-0.3 




0.8 


V 


v„ 


2.2 




Vcc 


V 


Operating Temprature 


T„, 


-20 




75 


•c 



• With respect to V,< 



-HN613 



RAD 
OOP 



IELECTRICAL CHARACTERISTICS (Kcc = 5V±10%, V ss = 0V, Ta=-20 to +75°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 

1 


Input Voltage 


v IH 




2.2 


— 


Vcc 


V 


V IL 




-0.3 


— 


0.8 


V 


Output Voltage 


VoH 


/o«--205M 


2.4 


— 


— 


V 


Vol 


/oi-3.2mA 


— 


— 


0.4 


V 


Input Leakage Current 


Iu 


V,»-0~5.5V 






2.5 


M 


Output Leakage Current 


Iloh 


OE-0.8V, OE-2.2V 


VW-2.4V 






10 


M 


Ilol 


VW-0.4V 


- 




10 


M 


Operating Supply Current 


Ice* 


Vrc-5.5V, Ji,n-0niA 


— 


10 


25 


mA 


Input Capacitance 


C 


Vi.-OV, /-1MHz, 7o»25 - C 






10 


pF 


Output Capacitance 


Cm 






15 


pF 



* Steady sute current 

■ RECOMMENDED AC OPERATING CONDITIONS 

• READ CYCLE (Vcc=5V + 10%, V ss =0V, Ta 20~ + 75°C, f,-i,= 20ns) 



Item 



Read Cycle Time 



Address Access Time 



Output Enable to Output Valid 



Output Enable to Output in Low Z 



Output Disable to Output in High Z 
Output Hold from Address Change 



Symbol 



cue 



250 



10 



250 



100 



100 



• LOAD CIRCUIT 

O 5.0V(Vc 



Unit 



5.0V(Vcc) 



- Ten point r> 



30pF 



— 




■ TIMING WAVEFORM 
• READ CYCLE (1) 



Notes) 1. !.-t/-20ns 

2. Cl includes jig capacitance. 

3. All diodes .re .52074(8). 



DC 



OE 



z 



• READ CYCLE (2) 



Note 1) 



X 



X 



■ 



-<u- 



Note) I. OE-V,t 
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HN43128P 



16384 x 8-bit or 32768 x4- bit CMOS Mask Programmable Read Only Memory 
The Hitachi HN43128P is a mask programmable, 16384x8-bit or 
32786x4-bit CMOS read only memory.' It operates from a single 
power supply and is compatible with TTL and DTL. Low power con- 
sumption makes this memory well-suited for battery-operation or 
hand-held personal computers. Memory expansion can be imple- 
mented through two chip select inputs. Either active "High" or active 
"Low" of chip select inputs and a chip enable input is defined at mask 
level. The organization of 8 bit or 4 bit is designed by the user. 



■ FEATURES 

• Mask-programmable for either 4-bit or 8-bit organization. 

• Three-state outputs, can be wired-OR. 

• Two mask programmable chip select terminals facilitate memory 
expansion. 

• A single 5V power supply (±10%). 

• Low power consumption: Operation 3mW (typ.), 

• Standby 3f/W (typ.) 




I PIN ARRANGEMENT 



• TTL compatible 

• Access time: 6.5/is (max) 



I BLOCK DIAGRAM 



3-State Buffer! 



CSi 



A. 

I < 

An 

(Ah) 



CS Logic 
~I 



X Decoder 

~T~ 



TT 



TT 



Memory Array 
131072 bill 



Timing Generator 



NC(Al,)T 1 
Au | I 
Ai | 3 
A. IT 
AsfJT 
Ai[ 6 
Ai[ 1 
Ai["T 
A, fJT 
Ao Qo 
DeflT 
Di [~i7 

DjQT 



~zi~| Vcc 
"27|cSi 
26~|CSi 

~2T|a. 

]T]A, t 
22~|cE 
2[]Ai. 
»] An 
IiT| Dt 
IT] Dt 
JT] Ds 
~16~1 D. 
IT) D, 



(Top View) 

in 4-bit 



*1 Active level defined at mask level. 
*2 Mask programmable selection of either 4-bit or 
8-bit organization. 

In 4-bit organization, data outputs are Di to Di. 
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■ ABSOLUTE MAXIMUM RATINGS 


Item 


Symbol 


Rating 


Unit 




Supply Voltage' 


Vac 


-0.3-+7.0 


V 


Input Voltage - 


v.. 


-0.3- + 7.0 


V 


Operating Temperature Range 


T.„ 


-20- + 75 


•c 


Storage Temperature 


T.„ 


-55- + 125 


"C 


Bias Storage Temperatore 


T t ... 


-20- + 85 


•c 



-HN43128P 



I ELECTRICAL CHARACTERISTICS ( Vac- 5V+ 10%, V ss - 0V, To- - 20- + 75°C ) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input "High" Level Voltage 


Vu 




2.4 




Vcc 


V 


Input "Low" Level Voltage 


r M 









0.8 


V 


Output "High" Level Voltage 


VoH 


Im 100 PA 


2.4 






V 


Output "Low" Level Voltage 


Vol 


Ioi = \ .6mA 






0.4 


V 


Input Leakage Current 




V,. -0-5.5V 






2.5 


PA 


Output "High" Level Leakage Current 


'low 


CE-0.8V 
CE-2.4V 


V... -2.4V 






5 


PA 


Output "Low" Level Leakage Current 


*LOL 


V.., -0.4V 






5 


PA 


Supply Current 


In stand-by 


IsB 


CS£Vcc-0.2V 
CSiV„ + 0.2V 


Vcc-5.5V 




1 


30 


PA 


In operation 


Ice' 






0.6 


1.5 


m A 


Input Capacitance 


c. 


V,.~0V,/-lMHz. 7a-25"C 






10 


pF 


Output Capacitance 








12.5 


P F 



* Steady state current 



■ AC OPERATING CHARACTERISTICS 

• READ SEQUENCE (V CC = 5V±10%, V ss -0V, To=-20 to +75°C, t. 



Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


l«c 


7.5 




Ps 


Address Access Time 


Iaacc 




6.5 


PS 


Chip Enable Access Time 






6.0 


PS 


Data Hold Time from Address 


l,„ 


0.05 


0.5 


PS 


Address Set-up Time 


Ias 


0.5 




PS 


Address Hold Time 


(u 







PS 


Chip Enable ON Time 


'cT 


6.0 




PS 


Chip Enable OFF Time 


Ice 


1.0 




PS 




• LOAD CIRCUIT 



Test point q. 




30pF 



Notes : I, t,-f/-20ns. 

2. C L includes jig I 

3. AD diodes .re 1S2074®. 
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HN613128P 



HN613128P, HN613128FP 



1 6384- word x 8-bit Mask Programmable Read Only Memory 

The HN613128P/FP is a mask-programmable, byte-organized 
memory designed for use in bus-organized systems. To facilitate use, 
the device operates from a single power supply, has compatibility 
with TTL, and requires no clocks or refreshing because of static ope- 
ration. The active level of the CS, OE , OEi input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 



FEATURES 

Fully Static Operation 

Automatic Power Down 

Single +5- Volt Power Supply 

Three-State Data Output for OR-Ties 

Mask Programmable Chip Select, Output Enable 

TTL Compatible 

Maximum Access Time; 250ns 

Low Power Standby and Low Power Operation; 

Standby: 5/iW (typ.) 

Operation: 50mW (typ.) 
Pin Compatible with EPROM 

BLOCK DIAGRAM 



A2- 
A3- 
A4- 
A5- 
A6_ 
A7- 
A8- 
A9. 
A10- 
All- 
A12- 
A13- 



Address 
Decode 













Memory 
Matrix 

(16384X8) 








3- State 




Output 




Buff en 

















• CS 

• OEt 



* Active level defined by the user. 



IABSOLUTE MAXIMUM RATINGS 



* With respect to V ss . 
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(DP-28) 



HN613128FP 




(FP-54) 



IPIN ARRANGEMENT 
•HN613128P 



- DO 

- Dl 

- D2 

- D3 

- D4 
-0) 
. D6 
■ D7 




Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


Input Voltage* 


V,. 


-0.3 to +7.0 


V 


Operating Temperature Range 


T 


-20 to +75 


•c 


Storage Temperature Range 


T.„ 


-55 to + 125 


"C 


Storage Temperature Range (under bias) 


T h „, 


-20 to +85 


"C 


* With respect toV.i. 

■ RECOMMENDED DC OPERATING CONDITIONS 


Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage • 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage* 


V,L 


-0.3 




0.8 


V 


Vm 


2.2 




Vcc 


V 


Operating Temperature 


T.,. 


-20 




75 


•c 



(Top View) 

•HN613128FP 



> HITACHI 



(Top View) 



HN613128P, HN613128FP 



I ELECTRICAL CHARACTERISTICS ( Vcc=5.0V± 10%, V ss -0V, Ta= -20 to +75*C ) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input High-level Voltage 


VtH 




? 2 




Vcc 


V 




VlL 




—0.3 


' - 


0.8 


V 


Output High-level Voltage 


Voh 


Ion 205/M 




2.4 






V 


Output Low -level Voltage 


Vol 


/oi — 3.2mA 






0.4 


V 


Input Leakage Current 


h. 


V. -0 to 5.5V 


- 


- 


2.5 


MA 


Output High-level Leakage Current 


Iloh 


V.., -2.4V, CS-0.8V,CS"- 2.2V 






10 


M 


Output Low-level Leakage Current 


Ilol 


V... -0.4V.CS -0.8V.CS"- 2.2V 






10 


M 


Supply Current (Active/Standby) 


h9i* 


Vcc- 5 . 5V, 1 00UT - 0mA /CS~2 Vcc- . 2V.CS S . 2V 




10/1 


25/30 


mA/rt 


Input Capacitance 


c. 


V„-0V,/-1.0MHz, Tu-25 - C 






10 


pF 


Output Capacitance 


c, 


V,. -OV,/-1.0MHz, T<i-25 - C 







15 

1 


PF 



* Steady state current 

■ RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 



(Vcc = 5.0V±10%, V S s = 0V, To=-20 to + 75"C,A1I timing with f,- t/ -20ns) 



Item 


Symbol 


HN613128P 


Unit 


min 


max 


Read Cycle Time 


f«c 


250 




ns 


Address Access Time 


IjU 




250 


ns 


Chip Select Access Time 


tACS 




250 


ns 


Chip Selection to Output in Low Z 


ICLZ 


10 




ns 


Output Enable to Output Valid 


toe 




100 


ns 


Output Enable to Output in Low Z 


loLZ 


10 




ns 


Chip deselection to Output in High Z 


tcHZ 





100 


ns 


Chip Disable to Output in High Z 


toKZ 





100 


ns 


Output Hold from Address Change 


I OH 


10 




ns 



■ TIMING WAVEFORM 
• READ CYCLE (1) 



X 



cs 



• READ CYCLE (2) (Notes 1,3) 



» AC TEST LOAD 





tic 




Address 


> 


( 






) 


< 






tOH 


lAA 






XXXX/ 


< X 



35.0V 

•K L = 2.4krt 



130pF 



r 

P 



• READ CYCLE (3) (Notes 2,3) 
cs " 



Notts) I. t,-l,-20ns. 

2. Ci includes jig capacitance. 

3. All diodes are 1S2074®. 



X 



HITACHI 



NOTES: 

1. Device is continuously selected. 

2. Address_Valid prior to or coincident 
"> J wit h CS transition low. 

_A 3. OE = VIL. 
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HN61256P, HN61256FP 



32768 x 8-bit or 65536 > 4-bit CMOS Mask Programmable 

The Hitachi HN61256P/FP is a mask programmable 32768 x 8-bit or 
65536x4-bit CMOS read only memory. It operates from a single 
power supply and is compatible with TTL. Low power consumption 
makes this memory well-suited for battery-operation or hand-held 
personal computers. Memory expansion can be implemented through 
one chip select input. Either active "High" or active "Low" or chip 
select input and a chip enable input are defined at mask level. The 
organization of 8 bit or 4 bit is defined by the user. 

■FEATURES 

• Mask-programmable selection of either 4-bit or 8-bit organization 

• Three-state outputs, can be wire-ORed. 

• One mask programmable chip select terminal facilitates memory 
expansion. 

• A single 5V power supply (±10%) 

• Low power consumption: Operation 7.5mW (typ.). 
Standby 5/iW (typ.) 



Read Only Memory 



• TTL compatible 



HiN61256P 




(DP-28) 



HN61256FP 




3.5fis (max) 




(FP-54) 



■ BLOCK DIAGRAM 



■ PIN ARRANGEMENT 

•HN61256P 

— << 




28 \ Vcc 
27 | Au 

~26~1CS 
25 | Ai 
IT) At 
~23~| An 
12~|CE 
"2l"| An 

jT) An 

~i7"| I* 
Ts~| D. 

"TT| a> 
TT| ik 

~is~) Di 



ive level defined at mask level. 
( programmable selection of either 4-bit or 



D. to 



Di 



(Top View) 
•HN61256FP 

Di NC ft Ui Ds V a HC & ft Ck 



CSAhNCKHx NCAuNCAuNC 

(Top View) 



HN61256P, HN61256FP 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Supply Voltage' 


Vcc 


-0.3- + 7.0 


V 


Input Voltage* 


V,. 


-0.3-+7.0 


V 


Operating Temperature Range 


T.„ 


0-+75 


- C 


Storage Temperature Range 


T.:, 


-55- + 125 


"C 


Bias Storage Temperature Range 




-20- + 85 


r 


Note : * Referenced to V„. 







I ELECTRICAL CHARACTERISTICS 

(Vcc = 5V±10%, Vss=0V, r a =0~ + 75'C) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input "High" Level Voltage 


V,H 




2.4 




Vcc 


V 


Input "Low" Level Voltage 


fit 









0.8 


V 


Output "High" Level Voltage 




lm- 100M 


2.4 






V 


Output "Low" Level Voltage 


Vol 


lot — 1 . 6 m A 






0.4 


V 


Input Leakage Current 






V u — 0— 5.5V 







2.5 


pA 


Output "High" Level Leakage Current 


Iloh 


CE-0.8V 
CE-2.4V 


V.., -2.4V 






5 


PA 


Output "Low" Level Leakage Current 


hot 


V.., -0.4V 






5 


pA 


Supply Current 


In stand-by 


h. 




Vcc-5.5V 




1 


30 


PA 


In operation 


Ice' 


t R c-i.0ps 




1 .5 


3.0 


mA 


Input Capacitance 


C„ 


K.-0V,/-lMHz, Ti.-25'C 






10 


pF 


Output Capacitance 


C, 







!2.5 


PF 



* Steady state current 



■ AC OPERATING CONDITION AND CHARACTERISTICS 

• READ SEQUENCE (V CC = 5V±10%, V S s = 0V, 7a = 0~ + 75°C, «,= (/-20n 



Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


tRC 


4.0 




PS 


Address Access Time 


Iaacc 




3.5 


PS 


Chip Enable Access Time 


Ieacc 




3.0 


PS 


Data Hold Time from Address 


tt>F 


0.05 


0.5 


PS 


Address Set-up Time 


tAS 


0.5 




PS 


Address Hold Time 


t AH 







PS 


Chip Enable ON Time 


tvr 


3.0 




PS 


Chip Enable OFF Time 


tec 


0.5 




PS 



Add real 

CS 



CE 



LXiui 



-"i r 



JUL. 



iS. HI Z 




Notes : l.l.-l ; -20ns. 

2. Cl includes jig capacitance. 

3. All diodes are 1S2074® . 
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■ 



32768-word x 8-bit Mask Programmable Read Only Memory 

The HN613256P/FP is a mask -programmable, byte-organized memo- 
ry designed for use in bus-organized system. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks nor refreshing 
because of static operation. 

The active level of the CS and OE input, and the memory content 
are defined by the user. The Chip Select input deselects the output 
and puts the chip in a power-down mode. 

■ FEATURES 

• Fully Static Operation 

• Automatic Power Down 

• Single +5V Power Supply 

• Three-state Data Output for OR-ties 

• Mask Programmable Chip Select and Output Enable 

• TTL Compatible 

• Maximum Access Time: 250ns 

• Low Power Standby and Low Power Operation; 
Standby 5/iW (typ.). Operation 50mW (typ.) 

• Pin Compatible with EPROM 

■ BLOCK DIAGRAM 



HN613256P 




(DP-28) 



HN613256FP 




(FP-54) 



AO— 
Al — 
A2 — 
A3 — 
A4 
AS 
A6— 
A7— 
A8— 
A9 

A10 

All 

A12 

A13 — 

A14— 

•CS- 
•OE- 



Address 
Decoder 



Memory 
Output 
Buffer 

132,768x8) 




3-State 
Output 
Buffer 















-DO 
-Dl 
-D2 
-D3 
-D4 
-DS 
-D6 
-D7 



■ PIN ARRANGEMENT 
• HN613256P 

A, ,(7 I7)a,. 

a.[7 is)*., 

a.|7 Sj*. 

*.r? m|». 

a.(7 Sj a. , 

A,[7 ^]oF- 

A,[! !l)A.. 

A.(lO |>)D. 

d.(h ^d. 

o,(n go, 



* Active level defined by the user. 



* Active level 

• HN6132S6FP 



is|o. 
(Top View) 

>n be defined by the customer. 



D, U. D, 0. D, 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


Input Voltage* 


Vin 


-0.3 to +7.0 


V 


Operating Temperature Range 


'opr 


-20 to +75 


°C 


Storage Temperature Range 


T,tg 


-55 to +125 


°C 


Storage Temperature Range (Under Bias) 


TbiOM 


-20 to +85 


°C 



to Vss 
ENDED 



DC OPERATING CONDITIONS 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage' 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage* 


VlL 


-0.3 




0.8 


V 


VlH 


2.2 




Vcc 


V 


Operating Temperature 


T.,. 


-20 




75 


•c 



A. A. A,.A..I-« 



MCA,, A, A. A. 



3 



al 

mJa. 

33.. 



(Top View) 

* Active level can be defined by the customer. 



* With respect to V,s. 
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Item 


Symbol 


. 

Test Condition 


min 


typ 


max 


Unit 


Input Voltage 


Vm 




2.2 


- 


Vcc 


V 


VlL 




-0.3 


- 


0.8 


V 


Output Voltage 


V H 




2.4 


- 


- 


V 


Vol 


Iol = 3.2 mA 


- 


- 


0.4 


V 


Input Leakage Current 


lin 


r,„ = 0~5.5V 


- 


- 


2.5 


*»A 


Output Leakage Current 


{ LOH 


CS = 0.8V, CS = 2.2V 


K ou( = 2.4V 






10 


MA 


r LOL 


K out = 0.4V 






10 


XA 


Supply Current 


Active 


Ice* 


^ cc = 5.5V, / ou< = mA 




10 


30 


mA 


Standby 


I SB 


V cc = 5.5V, CS £ V cc - 0.2V, CS £ 0.2V 




1 


30 


MA 


Input Capacitance 


C in 


Vin ■ 0V, /= 1 MHz, T a = 25 °C 






10 


PF 


Output Capacitance 


c out 






15 


pF 



* Steady state current 



> RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 

(Vcc-5V±10%, V ss -0V, Ta= -20~ + 75°C,(,= (/=20ns) 



Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


tRC 


250 




ns 


Address Access Time 


tAA 




250 


ns 


Chip Select Access Time 


tACS 




250 


ns 


Chip Selection to Output in Low Z 


tCLZ 


10 




ns 


Output Enable to Output Valid 


tOE 




100 


ns 


Output Enable to Output in Low Z 


tOLZ 


10 




ns 


Chip Deselection to Output in High Z 


tCHZ 





100 


ns 


Chip Disable to Output in High Z 


tOHZ 





100 


ns 


Output Hold from Address Change 


tOH 


10 




ns 


■ TIMING WAVEFORM 
• READ CYCLE (1) 











Address 
OE 
CS 
Dout 



\\\\\\\\ 



Z2ZZZ2 



77 



• READ CYCLE (2) (Notes 1, 3) 



Address ) ( 
Dout 



3ra 



1C 



• READ CYCLE (3) (Notes 2, 3) 




• LOAD CIRCUIT 




. : 1. l.-l,-20n. 

2. C L includes I 

3. All diode, m 1S2074® 

NOTES: 

1. Device is continuously selected. 

2. Address Valid prior to or coincident 
wit h CS" transition low. 

3. OE-Ktt. 



HITACHI 
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HN62301P 



Preliminary 



131,072-word x8-bit Mask Programmable Read Only Memory 

The HN62301P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has, compatibility with 
TTL, and requires no clocks or refreshing because of static opera- 
tion. The Chip Enable and the memory content are defined by the 
user. The Chip Enable input deselects the output and puts the chip 
in a power-down mode. 

■FEATURES 

• Static Operation 

• Automatic Power Down 

• Single +5-Volt Power Supply 

• Three-State Data Output for OR-Ties 

• TTL Compatible 

• Maximum Access Time-350ns 

• Lower Power Standby and Low Power Operation; 
Standby: 2mW (typ.). Operation: 75mW (typ.) 




IPIN ARRANGEMENT 

W — 



■ BLOCK DIAGRAM 



Ai- 
A>_ 
Aj_ 
A._ 
As- 
At_ 
Ar_ 
A._ 
A 9 - 
A»_ 
Au- 
Aa,. 
Au- 
Au- 
Ah- 

Al6- 



Address 
Decoder 



Memory Matrix 
(32.768 X 32) 



±1 



Nibble 
Decoder 



*CE 



3-Staie 
Output 
Buffers 



- 



Do 

Di 

D, 

D, 

D. 

Ds 

D, 



Art 

All 

At 
At 
As 
Aa 
Ai 
A: 

A, _ 
Ao 10 
Di 
D, 
D; 13 



TTIah 

26~[Ai3 



T 



17] A. 
"23~|An 
m]Ah 
TTJai. 



I An 

IcTJcE 

THd, 



TtT| d« 
— i 

T6~|d, 

TT|di 



(Top View) 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage- 




-P. 3 to +7.0 




Vcc 


V 


Input Voltage* 


V u 


-0.3 to (-7.0 


V 


Operating Temperature Range 


T.„ 


to r70 


•c 


Storage Temperature Range 


T.„ 


-55 to H25 


■c 


Bias Storage Temperature Range 




-20 to +85 


•c 



Note) The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachi, Sales 
Dept. regarding specifications. 
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HN62301P 



■ RECOMMENDED DC OPERATING CONDITIONS (r a =0 to 70°C) 



Item 


Symbol 


min 


typ 


max 


I 

Unit 


Supply Voltage* 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage* 


Vu 


-0.3 




0.8 


V 


V,H 


2.2 




Vcc 


V 















* with respect V ss 



■ ELECTRICAL CHARACTERISTICS ( V r cc = 5V±10%, Kss = 0V, Ta=0 to + 70°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Normal Operating Current 


Jcra* 


luci-min, Kcc = 5.5V, /„, = 0mA 




15 


50** 


mA 


Nibble Operating Current 


feci* 


i«c!-min, Vcc-5.5V, /..,-0mA 




15 


50" 


mA 


Stand by Current 


I SB 


CESVcc-0.2V, Vcc-5.5V 


- 


0.4 


10 


mA 


Input Leakage Current 


hi 


V,„-0 to 5.5V, other 0V 


-10 




10 


M 


Output Leakage Current 


I LOU 


CE-2.2V 


V...-2.4V 






10 


ma 


Ilol 


V...-0.4V 






10 


M 


Output Voltage 


VOH 


/.., 205M 


2.4 






V 


Vol 


/..,-3.2mA 






0.4 


V 


* * TBD 

■ CAPACITANCE (Vcc = 5V±lQ%, Ta=2S"C i 1MHz V.-.-0V) 


Item 


Symbol 


typ 


max 


Unit 


Input Capacitance (Ao"~Aie,CE} 


C. 


TBD 


10 


pF 


Output Capacitance (Do — D?) 


Cm 


TBD 


15 


pF 



■ AC CHARACTERISTICS ( Vcc = 5V±10%, Vss = 0V, Ta=0 to +7<TC, i r = i/ = 20ns) 



Mode 


Item 


Symbol 


min 


max 


Unit 


Normal 


Cycle Time 


iflCl 


350 




ns 


Address Access Time 


Uai 




350 


ns 


Data Hold Time 


t0H 


10 




ns 


CE operation 


CE Access Time 


Iace 




350 


ns 


CE Enable Pulse Width 


tcE 


350 




ns 


CE Disable Pulse Width 


t~CE 


15- 




ns 


Address Set up Time 


t*s 







ns 


Data Hold Time from CE 


tcHZ 


10- 




ns 


Data Set Time from CE 


tctZ 


10 




ns 


Nibble operation 


Nibble Address Access Time* 


tAAl 





50 


ns 


Nibble Cycle Time 


fuel 


50 




ns 


Turn-on & Turn-off Time 


tr 




40 


ns 



• Nibble Address A.. A, 
» * TBD 
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HN62301P- 



■ TIMMING CHART 

• NORMAL CYCLE (CE-Low; 



Address 



X 



•CE CYCLE 



CE 



\ 



X 



J 




■ 



v^id \/ v.i id \J~~ ~\y 



Test Pwini o— 



1. I,- 1; -20ns 

2. Ct includes jig capacitance 

3. All diodes are 1S2074®. 



308 



HN462716, HN462716G 



HN462716 



Single Power Supply ■ 
Simple Programming ■ 



2048- word x 8- bit U.V. Erasable and Electrically Programmable Read Only Memory 

The HN462716 is a 2048 word by 8 bit erasable and electrically 
programmable ROMs. This device is packaged in a 24-pin, dual-in- 
line package with transparent lid. The transparentlid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern, 
whereby a new pattern can then be written into the device. 

+5V ±5% 

Program Voltage: +25V DC 
Programs with One 50ms Pulse 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Fully Decoded-on Chip Address Decode 

• Access Time 450ns Max. 

• Low Power Dissipation ■ • 555mW Max. Active Power 

161mW Max. Standby Power 

• Three State Output OR- Tie Capability 

• I nterchangeable with I ntel 27 1 6 



I BLOCK DIAGRAM 



o— S 


CS. Powr Do«i & I 










' Q . 


Y Decoder 












X Decoder 










. o— 





Outpui Buffers 



V Cung 



1638<bil EPROM Murix 




(DC-24C) 




(DC-24B) 



I PIN ARRANGEMENT 



I PROGRAMMING OPERATION 



Pins 

Mode 


CE 
(18) 


OE 

(20) 


Vpr 

(21) 


Vcc 
(24) 


Outputs 
(9-11.13-17) 


Read 


Vn 


V,L 


+ 5 


+ 5 


Dout 


Deselect 


Don't Care 


V,H 


+ 5 


+ 5 


High Z 


Power Down 


V,H 


Don't Care 


+ 5 


+ 5 


High Z 


Program 


Pulsed Vn to V,h 


VlH 


+ 25 


+ 5 


Din 


Program Verify 




V,L 


+ 25 


+ 5 


Dout 


Program Inhibit 


V,L 


V,H 


+ 25 


+ 5 


High Z 



A.jT 


w 


TTJ'rc 


A. (7 




ITJa. 


m 




JJJa, 


,[T 




JjJ Vrr 


A,[7 




J/joT 


ArfT 




7«]Ai. 


A,(T 




jryjct 


A.[7 




TJJo, 


o.[T 






o, IH 




7j]o» 


o,(T7 




JJJo. 


cnd[]7 




TTJo, 



(Top View) 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


T„. 


to +70 


"C 


Storage Temperature Range 


T... 


-65 to +125 


•c 


All Input and Output Voltages* 


V, 


-0.3 to +7 


V 


Vfp Supply Voltage* 


Vrr 


-0.3 to +28 


V 



* With respect to Ground 
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HN462716, HN462716G 



■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS ( Ta—0 to +70"C, Vcc = 5V + 5%, Vpp= Vcc±0.6V) 



Item 


Symbol 


Test Condition 


min. 


typ. 


mai. 


Unit 


Input Leakage Current 


lu 


Vi*-5.25V 






10 


f>A 


Output Leakage Current 


Ilo 


VW = 5.25V/0.4V 






10 


MA 


Vpp Current 


Ipp\ 


Vpp- 5. 85 V 






5 


m A 


Vcc Current (Standby) 


Ice l 


CE~- Vih. OE — Vil 




13 


25 


mA 


Vcc Current {Active) 


Icci 


OE-CE"- V,l 




56 


100 


mA 


Input Low Voltage 


V,L 




-0.1 




0.8 


V 


Input High Voltage 


V,« 




2.0 




Vcc+l 


V 


Output Low Voltage 


Vol 


JV-2.1mA 






0.4 


V 


Output High Voltage 


Von 


Ioh 400 f A 


2.4 






V 


Note : vcc must be applied simultaneously or before y„ an d removed simultaneously or after tfa. 

• AC CHARACTERISTICS ( Ta= to + 70°C, Vcc = 5V±5%, Vpp= Vcc±0.6V) 


Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address to Output Delay 


Iacc 


OE-CE -Vu 






450 


ns 


CF to Output Delay 


Ice 


OE~= Vil 






450 


ns 


OE to Output Delay 


toe 


CE — Vn 






120 


ns 


OlTHigh to Output Float' 


top 


CE~= Vil 







100 


ns 


Address to Output Hold 


tOH 


OE-CE- V,l 









ns 


* ! top defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

• CAPACI TANCE ( Ta = 25'C , /- 1 M Hz ) 


Item 


Symbol 


Test Condition 


typ. 


max. 


Unit 


Input Capacitance 


C. 


V,,v-0V 




6 


pF 


Output Capacitance 


Cm 


Vwr-OV 




12 


pF 



• SWITCHING CHARACTERISTICS 

Test Conditions 

Input Pulse Levels: 0.8V to 2.2V 

Input Rise and Fall Times: i 20 ns 

Output Load: 1TTL Gate + 100 pF 

Reference Level for Measuring Timing: Inputs 1Vand2V 

Outputs 0.8V and 2V 

READ MODE (CE = Vil) 

Minn 



OE 



-tan 



C 



r— 



STANDBY MODE (OE- Vil) 



X 



Si.ndby Mod; 



' t Active Mode f 

—iff. ' 

^ Data Oui Valid 
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HN462716, HN462716G- 



• TYPICAL CHARACTERISTICS 





















fl- 


: 




























































ic 


CI 













































40 60 
Temperature CO 











— I — I — 

Vec=5V 












? 
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• DC 




ft* (V) 

, Vcc = 5V±5%, V>p-25V±1V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


lu 


V,»-5.25V 






10 


MA 


Vpp Supply Current 


Ipp\ 


CE-Vu 






5 


m A 


Vpp Supply Current During Programming 


Ippt 


CE-V,» 






30 


m A 


Vcc Supply Current 


Ice 








100 


m A 


Input Low Level 


VlL 







-0.1 




0.8 


V 


Input High Level 


V,H 




2.0 




Vcc+l 


V 


• AC PROGRAMMING CHARACTERISTICS (To— 25°C±5*C, Vcc — 5V±5%, V>p— 25V±1V) 


Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 






PS 


OE" Setup Time 


toes 




2 






PS 


Data Setup Time 


tos 




2 






PS 


Address Hold Time 


t AH 




2 






t> s 


OE Hold Time 


lOEH 




5 






PS 


Data Hold Time 


tOH 




2 






MS 


OF to Output Float Delay* 


t DF 


CE- V, L 







120 


ns 


OTto Output Delay 


toe 


CE — Vil 






120 


ns 


Program Pulse Width 


tpw 




45 


50 


55 


ms 


Program Pulse Rise Time 


tPUT 




5 






ns 


Program Pulse Fall Time 


tPFT 




5 






ns 



I the tine at which the output 



Vpp and removed simultaneously or after Vpp. 
achieves the open circuit condition and is not 



referenced to output voltage levels. 
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• SWITCHING CHARACTERISTICS 

Test Conditions 

Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Times: <20ns 
Output Load: 1 TTL Gate + 100 pF 
ence Level for Measuring Timing: 
Inputs; 1V and 2V, Outputs; 0.8V and 2V 



■ 



• PROGRAMMING WAVEFORMS 



OE 




•ERASE 

Erasure of HN462716 is performed by exposure to ultra- 
violet light with a wavelength of 2537A, and all the output 
data are changed to "1" after this erasure procedure. 
The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W • sec/cm 3 
■ DEVICE OPERATION 
• READ MODE 

Dataout is available 450ns (t ACC ) from addresses 
with OE low or 120ns (t OE ) from OE 
resses stable. 



i aaaresses 
with add- 



• DESELECT MODE 

The outputs may be OR-tied together with the 
other HN462716s. When HN462716s are dese- 
lected, the OE inputs must be at high TTL level. 

• POWER DOWN MODE 

Power down is achieved with CE high TTL level. In 
this mode the outputs are in a high impedance state. 

• PROGRAMMING 

Initially, and after each erasure, all bits of the 
HN462716 are in the "High" state (Output High). 
Data is introduced by selectively programming 
"low" into the desired bit locations. In the program- 
ming mode, Vpp power supply is at 25V and OE 
input is at high TTL level. Data to be programmed 
are presented 8-bits in parallel, to the data output 
lines (00 to 07). 



The addresses and inputs are at TTL levels. 
After the address and data setup, a 50 ms, active 
high program pulse is applied to the CE input. The 
CE is at TTL level. 

The HN462716 must not be programmed with a DC 
signal applied to the CE input. 

• PROGRAM VERIFY 

The HN462716 has a program verify mode. A verify 
should be performed on the programmed bits to 
determine that they were correctly programmed. In 
this mode Vpp is at 25V. 



• PROGRAM INHIBIT 

Programming of multiple HN462716s in parallel 
with different data is easily accomplished by using 
this mode. Except for CE, all like inputs of the 
parallel HN462716s may be common. 
A TTL program pulse applied to a HN462716's CT 
input will program that HN462716. A low level CE 
inhibits the other HN462716s from being pro- 
grammed. 



# HITACHI 
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HN462532, HN462532G 



4096- word x 8-bit U. V. Erasable and Programmable Read 

The HN462532 is a 4096 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 24-pin, dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 



I FEATURES 

Single Power Supply +5V ±5% 

Simple Programming Program Voltage: +25V D.C. 

Program with One 50ms Pulse 

Static No Clocks Required 

Inputs and Outputs TTL Compatible During Both Read and 

Program Modes 
i Fully Decoded On-Chip Address Decode 

i Access Time 450ns (max.) 

» Low Power Dissipation 858mW (max) Active Power 

201 mW (max) Standby Power 

i Three Stste Output OR-Tie Capability 

i Compatible with TMS2532 
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■ PIN ARRANGEMENT 



■ MODE SELECTION 



— Pins 
Mode 


CE 
(20) 


Vm- 
(21) 


Vcc 
(24) 


OutpUtS 

(9 to 11, 13 to 17) 


Read 


V,L 


+ 5 


+ 5 


Dout 


Stand by 




+ 5 


+ 5 


High Z 


Program 


Pulsed V,„ to V,i 


+ 25 


+ 5 


Din 


Program Inhibit 


V,» 


+ 25 


+ 5 


High Z 













ArfT 




~u\ Yii 


A, [T 




£j] A. 


A>(T 




22] A. 


A. [T 




]TJ Pre 


A. [T 




w\ ci. 


A. [T 




TiT| Ai 


A. [I 




}*\ An 


A.E 






„.E 






E 




7s] Hi 


oi rrr 




J7] II, 


';ni> \u_ 




TT) <>> 



- 

_ 



(Top View) 
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HN462532, HN462532G 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


All Input and Output Voltages' 


Vr 


-0.3 to + 7 


V 


Vrr Voltage* 


V r r 


-0.3 to +28 


V 


Operating Temperature Range 


T.„ 


to +70 


"C 


Storage Temperature Range 


T.„ 


-65 to - 125 


•c 



* With respect to GND. 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS ( Ta—0 to +70°C, Vcc-5V±5%, V PP - Vcc+0.6V) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 








Input Leakage Current 


lu 


V.. -5.25V 






10 


ink 


Output Leakage Current 


ho 


V.„ -5.25V/0.4V 






10 


fk 


Vpp Current 


IpPl 


Vrr-h. 85V 




- 


12 


m A 


Vcc Current (Standby) 


Ice, 


CE~- V,n 






25 


m A 


Vcc Current (Active) 


Ice, 


CE - Vil 






150 


m A 


Input Low Voltage 


Vil 




-0.1 




0.8 


V 


Input High Voltage 


v,» 




2.0 




Vcc+l 


V 


Output Low Voltage 


Vol 


7oi.-2.lmA 






0.4 


V 


Output High Voltage 


Voh 


Ion 400 fk 


2.4 






V 


Note '■ Vix must be applied simultaneously or before We and removed simultaneously or after V?*- 










• AC CHARACTERISTICS ( Ta— 


to +70*C, Vcc = 5V±5%, Vpp-Vcc±0.6V) 








Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Lhit 


Address to Output Delay 


tACC 


CE"— Vil 






450 


ns 


CE to Output Delay 


Ice 








450 


ns 


CE" High to Output Float • 


tor 









100 


ns 


Address to Output Hold 


ton 


CE-^l 









ns 


* : l„ defines the lime «t which the output a 


hieves the open 


circuit condition and is not referenced to outpu 


t voltage le« 







• SWITCHING CHARACTERISTICS 

Test Conditions 

Input Pulse Levels: 

Input Rise and Fall Times: 

Output Load: 

Reference Level for Measuring Timing: 



Address 



CE 



0.8V to 2.2V 
< 20 ns 

1TTL Gate + 100pF 
Inputs; IV and 2V, 
Outputs; 0.8V and 2V 



Standby Mode 



X 



\ 



Active Mode 



Standby Mode 



UUa Out Valid ^- 



• CAPACITANCE ( Ta~ 25'C, /- 1 M Hz ) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 


v.. -ov 






6 


PF 


Output Capacitance 


C, 


V... - ov 






12 


pF 
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■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS(To-25'C±5 , C, V CC -5V±5%, W,>-25V±1V) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


lu 


V..-5.25V/0.4V 






10 


PA 


VppSupply Current During Programme 


Ippt 


CE-Vn 






30 


m A 


Vcc Supply Current 


Ice 








150 


mA 


Input Low Level 


V,L 




-0.1 




0.8 


V 


Input High Level-. 


V„ 




2.0 


- 


Vcc+1 


V 


• AC PROGRAMMING CHARACTERISTICS(r a -25 , C±5°C, V C c = 5V±5%, V«—25V±1V) 


Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address Setup Time 


ItS 




2 






Ms 


Data Setup Time 


Ids 




2 






MS 


Address Hold Time 


tAH 




2 






MS 


Data Hold Time 


tOH 




2 






MS 


Setup Time from Vpp 


tvpps 











ns 


Program Pulse Hold Time 













ns 


Vpp Hold Time 


IVPPH 











ns 


Program Pulse Width 


In 




45 


50 


55 


ms 


Program Pulse Time 


tpRT 




5 






ns 


Program Pulse Time 


tp F T 




5 






ns 



Note I Vcc must be applied sinulUneously or before Vpp and removed simultaneously or after Vn>. 



• SWITCHING CHARACTERISTICS 

Test Conditions 

Input Pulse Level: 

Input Rise and Fall Times: 

Output Load: 

Reference Level for Measuring Timing: 



0.8V to 2.2V 
< 20 ns 

1TTL Gate + 1O0pF 
Inputs; 1 V and 2V, 
Outputs; 0.8V and 2V 



> — i °- 




• ERASE 

Erasure of HN462532 is performed bv exposure to ultra- 
violet light with a wavelength of 2537A,and all the output 
data are changed to "1 " after this erasure procedure. 
The minimum integrated close (i.e., UV intensity x 
sure time) for erasure is 15W • sec/cm 1 . 
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ACCESS TIME vs. SUPPLY VOLTAGE 
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ACCESS TIME vs. AMBIENT TEMPERATURE 



1,000 r- 
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20 40 
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SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 
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4096- word x 8- bit U. V. Erasable and Programmable Read Only Memory 

The HN462732 is a 4096 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 24-pin, dual-in-line 
package with transparent lid. The .transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 

■ FEATURES 

• Single Power Supply +5V ±5% 

• Simple Programming Program Voltage: +25V D.C. 

Program with One 50ms Pulse 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Fully Decoded On-Chip Address Decode 

• Access Time 450ns (max) 

• Low Power Dissipation .... 150mA (max) Active Currents 

30mA (max) Standby Current 

• Three State Output OR-Tie-Capability 

• Compatible with INTEL 2732 



I BLOCK DIAGRAM 
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I MODE SELECTION 



Pins 


CE 


OE/Vr-p 


Vcc 


Outputs 


Mode 


(18) 


(20) 


(24) 


(9-11, 13-17) 


Read 


Vu 


V,L 


+ 5 


Dout 


Stand by 




Don't Care 


4-5 


High Z 


Program 


V,u 


v„. 


+ 5 


Din 


Program Verify 


V,L 


V,L 


+ 5 


Dout 


Program Inhibit 


V,H 




+ 5 


High Z 




(Top View) 



HN462732, HN462732G 



■ ABSOLUTE MAXIMUM RATINGS 










Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


T.„ 


to +70 


•c 


Storage Temperature Range 


TV, 


-65 to 4 125 


"C 


All Input and Output Voltage* 


Vt 


-0.3 to + 7 


V 


Vpp Voltage* 


OE/Vpp 


-0.3 to +28 


V 



* With respect to GND 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (Ta=0 to +-70°C, V CC = 5V±5%, VW- V CC ±0.6V) 



1 

Parameter 


Symbol 


Test Condition 


min 


typ. 


max. 


Unit 


Input Leakage Current {Except OE/Vpp) 


lu, 


V,„- 5.25 V 






10 


MA 


OE/Vpp Input Leakage Current 


fail 


V,*-5.25V 






10 




MA 


Output Leakage Current 


ho 


V... -5.25V 






10 


MA 


Vcc Current (Standby) 


/cci 


CE - V,„, OE- V, L 






30 


m A 


Vcc Current (Active) 


Ice, 


OE-CE- V IL 






150 


mA 


Input Low Voltage 


VlL 




-0.1 




0.8 


V 


Input High Voltage 


Via 


2.0 




Vcc+1 


V 


Output Low Voltage 


Vol 


/oi-2.1mA 






0.45 


V 


Output High Voltage 


Vo» 


I oh 400 M 


2.4 






V 


• AC CHARACTERISTICS (To— to +70°C, Vcc-5V±5%, Vpp- V C c±0.6V) 


Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address to Output Delay 


Iacc 








450 


ns 


CET to Output Delay 


Ice 


OTT- V, L 






450 


ns 


Output Enable to Output Delay 


loE 


CE~- Vil 






120 


- ns 


Output Enable High to Output Float • 


toF 


~CIZ= V,L 







100 


ns 


Address to Output Hold 


ton 


CE -OFT- Vu 





— 




ns 



* toF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 
Input Rise and Fall Times: 
Output Load: 

Reference Level for Measuring Timing 



0.8V to 2.2V 
< 20ns 

1TTL Gate + 100pF 
Inputs I V and 2V 
Outputs 0.8V and 2V 



Address 



X 



Standby Mode 



X 



^ Activt 



Standby Mode 



V- 7 

r" — rot— — 



• CAPACITANCE (r a -25*C,/=lMHz) 



^ U.|. Oil V.lid ^ 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Capacitance (Except OE/Vpp) 


Oki 


v,»-ov 






6 


pF 


OE /Vpp Input Capacitance 


Gmi 


v,„-ov 






20 


pF 


Output Capacitance 


C: 


v.., - ov 






12 


pF 



HITACHI 
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HN462732, HN462732G 



■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (Vcc-5V±5%, V PP -25V±1V, r a =25'C±5'C) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


lu 


V,„-5.25V/0.4V 






10 


ph 


Output Low Voltage During Verify 


V,n 


7ot-2.1mA 






0.4 


V 


Output High Voltage During Verify 


VOH 


/o»--400M 


2.4 






V 


Vcc Supply Current 


la 








150 


mA 


Input Low Level 


Vu 




-0.1 




0.8 


V 


Input High Level (All Input Except OE/Vrr) 


V, H 


2.0 




Vcc+1 


V 


Vpp Supply Current 


Ipp 


CE-V„.,OE-V„. 






30 


mA 


• AC PROGRAMMING CHARACTERISTICS (V C c-5V±5%, Vp P -25V±1V, To=25"C±5'C) 


Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


fait 




2 






PS 


OE Setup Time 


l0ES 


2 






PS 


Data Setup Time 


tit 


2 






Ms 


Address Hold Time 


Iah 











PS 


OE" Hold Time 


tuEH 


2 






PS 


Data Hold Time 


tim 


2 






PS 


Chip Enable to Output Float Delay' 


>°r 









120 


ns 


Data Valid from CE 


igr 








1 


PS 


CE Pulse Width During Programming 


1™ 




45 


50 


55 


ms 


OE Pulse Rise Time During Programming 


Ipur 


50 






ns 


Vpp Recovery Time tvjt 


2 






PS 



* Idf defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 



• SWITCHING CHARACTERISTICS 

Test Conditions 

Input Pulse Level: 

Input Rise and Fall Times: 

Output Load: 

Reference Level for Measuring Timing: 




0.8V to 2.2V 
<20ns 

1TTL Gate + 100pF 
Inputs; 1 V and 2V, 
Outputs; 0.8V and 2V 

Program 



=>Z= 

— I„ S — 1 



Data In Stable 
(Address N ■ 



> 



• ERASE 

Erasure of HN462732 is performed by exposure to Ultra- 
violet light of 2537A, and all the output data are changed 
to "1 " after this prosedure. 

The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W • sec/cm 1 . 



Program Verify 



i 



Data Out Valid 
(Addresa N 
SV 
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HN462732, HN462732G 



SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 
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5 6 
Vcc (V) 

ACCESS TIME vs. SUPPLY VOLTAGE 



60 n 



To m 

ACCESS TIME vs. AMBIENT TEMPERATURE 




Vcc (V) 



^ 



Ta CO 
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HN462732GI 



Wide Operating Temperature Range 



4096 - word x 8- bit U.V. Erasable and Programmable Read Only Memory 

The HN462732GI is a 4096 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 24-pin, dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 

■ FEATURES 

• Extended Operating Temperature Range -40 ~ +85°C 

• Single Power Supply +5V ±5% 

• Simple Programming Program Voltage: +25V D.C. 

Program with One 50ms Pulse 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Fully Decoded On-Chip Address Decode 

• Access Time 450ns (max) 

• Low Power Dissipation 150mA (max) Active Currents 

30mA (max) Standby Current 

• Three State Output OR-Tie-Capability 



■ BLOC 
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■ MODE SELECTION 



~~ Pins 
Mode 


CE 
(18) 


OE/Vw 
(20) 


Vcc 
(24) 


Outputs 

(9-11, 13-17) 


Rod 


V,L 


VlL 


+ 5 


Dout 


Stand by 


VlH 


Don't Care 


+ 5 


High Z 


Program 


V,L 




+ 5 


Din 


Program Verify 


VlL 


Vn 


+ 5 


Dout 


Program Infwbit 


VlH 


Vrr 


+ 5 


High Z 



HN462732GI 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


r.„ 


-40 to +85 


'C 


Storage Temperature Range 


r... 


-65 to +125 


"C 


All Input and Output Voltage - 


V T 


-0.3 to + 7 


V 


Vpp Voltage* 


OE/V„ 


-0.3 to +28 


V 



* With respect to GND 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (7"a = -40 to + 85°C, K CC =5V ±5%,) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current (Except OE /Vpp) 


hn 


V,»-5.25V 






10 


M 


OE /Vpp Input Leakage Current 


Iuz 


V,»-5.25V 






10 


M 


Output Leakage Current 


ho 


V out = 5. 25V/0.45V 






10 


/-A 


Vcc Current (Standby) 


led 


CE - V,„, OE - V IL 






30 


m A 


Vcc Current (Active) 


Icci 


OE-CE- V, L 






150 


m A 


Input Low Voltage 


VlL 




-0.1 




0.8 


V 


Input High Voltage 


V,B 




2.0 




Vcc+1 


V 


Output Low Voltage 


Vol 


Iol — 2. lm A 






0.45 


V 


Output High Voltage 


V m 


Ion 400 M 


2.4 






V 



• AC CHARACTERISTICS (7"a = -40 to +85°C, K CC = 5V±5%) 



Parameter 


Symbol 


Test Condition 


HN462732GI 


Unit 


min. 


typ. 


max. 


Address to Output Delay 


'ACC 


CE = OE = K JL 






450 


ns 


CE to Output Delay 


'ce 


OE= V IL 






450 


ns 


Output Enable to Output Delay 


<OE 


CE=r /L 






150 


ns 


Output Enable High to Output Float* 


'df 


CE = V IL 







130 


ns 


Address to Output Hold 


•OH 


CE = OE = Vil 









ns 



* lor defines the tine at which the output schieves the open 

• SWITCHING CHARACTERISTICS 



circuit condition and is not relerenced to output voluge levels. 



Test Condition 

Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Times: 20ns 
Output Load: 1TTL Gate + 100pF 
Reference Level for Measuring Timing: 



Inputs 1 V and 2V 
Outputs 0.8V and 2V 



Address 



X 



Slandby Mode 



^ Activt 



/ 



Sundb, Mode 



v 

r- — tot— 



1 



^ «... a,t v.hd y 



• CAPACITANCE (7a-25'C,/-lMHz) 



Parameter 


Symbol 


Test Condition 


min. 


typ- 


max. 


Unit 


Input Capacitance (Except OE/Vfp) 


G*. 


V„-0V 






6 


pF 


QE/Vpp Input Capacitance 


G« 


V,„-0V 






20 


pF 


Output Capacitance 


G.. 


V... - ov 






12 


pF 



HN462732GI 



■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS ( Vcc-5\±5%, VW-25V + 1V, Ta-25"C±5'C) 



Parameter 


c.,_i 1 


Test Condition 


min. 


typ- 


max. 


Unit 

unit 


Input Leakage Current 


tu 


V/»-5.25V/0.4V 






10 


MA 


Output Low Voltage During Verify 


Vol 


/<u-2.1mA 






0.4 


V 


Output High Voltage During Verify 




/ o „--400/-A 


2.4 






V 


Vcc Supply Current 


Ice 








150 


mA 


Input Low Level 


Vn 




-0.1 




0.8 


V 


Input High Level (All Input Except OE /Vpp) 


Vih 




2.0 




Vcc+1 


V 


Vpp Supply Current 


hp 


cE-v, L ,m-v Ff 






30 


mA 


• AC PROGRAMMING CHARACTERISTICS(Vcc = 5V±5%, Vpp=25V + 1V, 7a=25°C ±5°C ) 






Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


tu 




2 






As 


OE Setup Time 


toES 




2 






Ms 


Data Setup Time 


f»S 




2 






Ms 


Address Hold Time 


1<» 











MS 


OE Hold Time 


toEK 




2 






MS 


Data Hold Time 


iDH 




2 






MS 


Chip Enable to Output Float Delay* 











120 


ns 


Data Valid from CE~ 


tut 


Ct-Vu.OT-Vii 






1 


Ms 


CE Pulse Width During Programming 


Ipw 




45 


50 


55 


ms 


OE Pulse Rise Time During Programming 


tnr 




50 






ns 


Vpp Recovery Time 


I™ 




2 






MS 


* t Df defines the tine at which the output .chieves the open 


circuit condition and is not referenced to output voltage levels. 




• SWITCHING CHARACTERISTICS 














Test Conditions 

Input Pulse Levels: 0.8V to 2.2V 















Input Rise and Fall Times: ^20ns 
Output Load: 1TTL Gate + 100pF 

Reference Level for Measuring Timing: Input; 1 V and 2V 

Outputs; 05V and 2V 

Program 







Address 






Program Verify 



^Address 



• ERASE 

Erasure of HN462732 is performed by exposure to Ultra- 
violet light of 2537 A, and all the output data are changed 
to "1" after this prosedure. 

The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W • sec/cm' 







4096-word x 8-bit U. V. Erasable and Programmable Read Only Memory 

The HN482732A is a 4096-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 24 pin dual-in-line 
package with transparent lid. 

The transparent lid on the package allow the memory content to be 
erased with ultraviolet light. 



FEATURES 

Single Power Supply +5V ±5% 

Simple Programming Program Voltage: +21 V D.C 

Program with one 50ms Pulse 

Static No clocks Required 

Inputs and Outputs TTL Compatible During Both Read and 
Program Mode 

Access Time HN482732AG-20 200ns (max) 

HN482732AG-25 250ns (max) 
HN482732AG-30 300ns (max) 

Absolute Max. Rating of Vpp Pin . . . 26.5V 

Low Stand-by Current •. . . . 35mA (max) 

Compatible with Intel 2732A 



I BLOCK DIAGRAM 
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I PIN ARRANGEMENT 




(Top View) 



I MODE SELECTION 



^^"^-^^ Pins 


CE 


OE/Vp, 


Vce 


Outputs 


MODE 


(18) 


(20) 


(24) 


(9-11. 13-17) 


Read 


V,L 


VlL 


+5 


Dm 


Stand by 


Via 


Don't Care 


+ 5 


High Z 


Program- 


VlL 


Vpp 


+ 5 


D,„ 


Program Verify 


Vn 


Vil 


+ 5 


D.„, 


Program Inhibit 


VlH 


Vpp 


+ 5 


High Z 
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HN482732AG-20, HN482732AG-25, HN482732AG-30 
■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


T.pr 


to +70 


"C 


Storage Temperature Range 


T.„ 


- 65 to +125 


"C 


All Input and Output Voltages* 


V,., V... 


-0.3 to +7 


V 


Vpp Voltage • 


OE IV p. 


-0.3 to +26.5 


V 


Vcc Voltage • 


Vcc 


-0.3 to +7 


V 


* with respect to GND 









d READ OPERATION 

• D.C. AND OPERATING CHARACTERISTICS (Ta = to 70 °C, Vcc=SV±5%) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


Iu 


Vi»-5.25V 






10 


«A 


Output Leakage Current 


ho 


V... -5.25V 






10 


M 


Vcc Current (Standby) 


lcc\ 


CE-Vih, TSE-Vil 






35 


mA 


Vcc Current (Active) 


Iccz 


OE"-CE- V ,l 






150 


mA 


Input Low Voltage 


V,L 




-0.1 




0.8 


V 


Input High Voltage 


V,H 




2.0 




Vcc+1 


V 


Output Low Voltage 


Vol 


/oi-2.1mA 






0.45 


V 


Output High Voltage 


Von 


Im 400 M 


2.4 






V 



• AC CHARACTERISTICS (7a = to 70 °C, ^cc=5V + 5%) 



Parameter 


Symbol 


Test Conditions 


HN482732AG-20 


HN482732AG-25 


HN482732AG-30 


Unit 


min 


max 


min 


max 


min 


max 


Address to Output Delay 


Iacc 


CE"-"OE - Vil 




200 




250 




300 


ns 


CETto Output Delay 


tec 


OE- V; L 




200 




250 




300 


ns 


OTTto Output Delay 


tot 


CE- V„ 


10 


90 


10 


100 


10 


150 


ns 


OTTHigh to Output Float 


(or 


CE - Vn 





80 





90 





130 


ns 


Address to Output Hold 


ton 


CTT-OE"- Vu 

















ns 



• SWITCHING CHARACTERISTICS 
Test Conditions 

Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Times: £ 20ns 

Output Load: 1 TTL Gate + 100PF 

Reference Level for Measuring Timing Inputs, 1 V and 2V, Outputs; 0.8V and 2V 



CE 



- 



X 



X 



tot „ 



/ 



• CAPACITANCE (7a-25°C, /-1MHz) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Capacitance (Except OE/Vpp) 


Cim 


V,„-0V 






6 


pF 


OE/ Vpp Input Capacitance 


ClNz 


v,»-ov 






20 


pF 


Output Capacitance 


c, 


v.„-ov 






12 




pF 

1 
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HN482732AG-20, HN482732AG-25, HN482732AG-30 



■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (To — 25°C±5°C, Kcc-5V±5%, W-21V±0.5V) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


Iu 


Vin= Vu or VlH 






10 


M 


Output Low Voltage During Verify 


Vol 


Zoi.-2.lmA 






0.4 


V 


Output High Voltage During Verify 


Voh 


/<,„-- 400 f\ 


2.4 






V 


Vcc Supply Current 


Ice 








150 


mA 


Input Low Level 


VlL 




-0.1 




0.8 


V 


Input High Level {All Inputs Except W/Vpp) 






2.0 




Vcc+l 


V 


Vpp Supply Current 


Ipp 








30 


mA 


• AC PROGRAMMING CHARACTERISTICS (7a=25°C±5°C, V r cc=5V±5% 1 Vpp=2\V ±0.5V) 


Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Address Setup Time 


tM 




2 






,"S 


OE Setup Time 


toES 




2 






«s 


Data Setup Time 


tga 




2 






fs 


Address Hold Time 


t.H 











ps 


(5F Hold Time 


tOEH 




2 








Data Hold Time 


tDH 




2 






MS 


Chip Enable to Output Float Delay* 


for 









130 


ns 


Data Valid from CE 


tov 


TS~-Ku, GFT=V, t 






1 


us 


CE Pulse Width During Programming 


tpw 




45 


50 


55 


ms 


OE Pulse Rise Time During Programming 


I HIT 




50 






ns 


Vpp Recovery Time 


in 




2 









* t of defines the time at which the output achieves the open circuit condition and is not referenced to 



output voltage 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level 0.8V to 2.2V 

Input Rise and Fall Time S 20ns 

Reference Level for Measuring Timing: Inputs IV and 2V; Outputs 0.8V and 2V 







Addreu N 





Progrtrr, 




Program Verify 



' iVAddrMS 
.r \N + m 



• ERASE 

Erasure of HN482732Ais performed by exposure to 
ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure. The 
minimum integrated dose (i.e. UV intensity x ex- 
posure time) for erasure is 15W-sec/cm 2 . 

HITACHI 
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HN482764. HN482764-3, HN482764-4 



HN482764, HN482764-3, 

HN482764-4, HN482764G, 
HN482764G-3, HN482764G-4 

81 92- word x 8- bit U. V. Erasable and Programmable Read Only Memory 

The HN482764 is a 8192 word by 8 bit erasable and electrically 

programmable ROM. This device is packaged in a 28 pin dual-in-line 
package with transparent lid. The transparent lid on the p— 1 
allows the memory content to be erased with ultraviolet light. 



■ FEATURES 

• Single Power Supply +5V * 5% 

• Simple Programming Program Voltage: +21 V D.C. 

Program with one 50ms Pulse 

• static N ° clocks Req"fed 

• Inputs and Outputs TTL Compatible During Both Read and Pro- 
gram Mode. 

• Access Time HN482764/G 250ns max 

HN482764/G-3 300ns max 
HN482764/G-4 450ns max 

• High Performance Programming Available 

• Low Standby Current 35mA max. 

• Compatible with Intel 2764 



■ BLOCK DIAGRAM 



PGM 




Power Down 


OE 
CE 
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o 
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Y- Decoder 


At 

1 

An 
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■ MODE SELECTION 



TTTTTTTT 




HN482764G, HN482764G-3 . 
HN482764G-4 



Output 
Buffers 








Pins 

Mode 


CE 
(20) 


OE 

(22) 


PGM 

(27) 


v„ 

( 1 ) 


Vet 
(28) 


Outputs 
(11-13, 15-19) 


Read 


V,L 


Vn 


Vu 


Vcc 


Vcc 


Dout 


Stand-by 


V,H 


X 


X 


Vcc 


Vcc 


High Z 


Program 


Vn. 


X 


Vn 


Vpp 


Vcc 


Din 


Program Verify 


Vu 


V,L 


V,H 


Vpp 


Vcc 


Dout 


Program Inhibit 


Vim 


X 


X 


Vpp 


Vcc 


High Z 




■ ABSOLUTE MAXIMUM RATINGS 



(Top View) 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


T.„ 


to +70 


•c 


Storage Temperature Range 


T.„ 


-65 to +125 


- C 


All Input and Output Voltage* 


Vt 


-0.3 to +7 


V 


Vpp Voltage 


Vpp 


-0.3 to +26.5 


V 



HN482764, HN482764-3, HN482764-4, 

HN482764G, HN482764G-3, HN482764G-4 



■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS ( Ta=0 to +70*C, Vcc-5V±5%, Vw- Vcc±0.6V) 



Parameter 


Symbol 


Test Condition 




typ 




Unit 


Input Leakage Current 


I. , 
lu 


Vcc — . £0 V , V,* — j.'jV 






l n 

1U 




Output Leakage Current 


ho 


Vrr = ^ 2SV V ,=5 2SV/0 4V 






10 


MA 


Vpp Current 


Ippi 


VW - Vcc + 0.6 V 






15 


in A 


Vcc Current (Standby) 


Ice 1 


CE - V, H 






35 


m A 


Vcc Current (Active) 


IcC 2 


CE"-OE - V, L 




100 


150 


m A 


Input Low Voltage 


ViL 




-0.1 




0.8 


V 


Input High Voltage 


Vm 




2.0 




Vcc+1 


V 


Output Low Voltage 


Vol 


/oi-2.1mA 






0.45 


V 


Output High Voltage 


Von 


/o„--400M 


2.4 






V 



• AC CHARACTERISTICS ( To- to +70°C, V CC = 5V±5%, Vpr = Vcc±0.6V) 



Parameter 


Symbol 


Test Conditions 


HN482764/G 


HN482764/G-3 


HN482764/G-4 


Unit 


min 


max 


min 


max 


min 


max 


Address to Output Delay 


Iacc 


CE - OE - Vu 




250 




300 




450 


ns 


CE to Output Delay 


Ice 


OE~— Vil 




250 




300 




450 


ns 


TOT to Output Delay 


(or 


CE-Vil 


10 


100 


10 


150 


10 


150 


ns 


OE~High to Output Float 


Idf 


CE-V.l 





90 





130 





130 


ns 


Address to Output Hold 


ton 


CE-OE - V, L 

















ns 



Note '- toF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 

Reference Level for Measuring Timing: 



0.8V to 2.2V 
<20ns 

1TTL Gate + 100pF 
Inputs; 1 V and 2V 
Output; 0.8V and 2.0V 




• CAPACITANCE ( Ta= 25"C, /= 1 MHz ) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


c 


V,. - ov 




4 


6 


pF 


Output Capacitance 


c, 


Vm - 0V 




8 


12 


pF 



HN482764, HN482764-3, HN482764-4 1 

HN482764G, HN482764G-3, HN482764G-4 



■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (To- 25'C±5'C, Vcc-5V±5%, Vp P =21V + 0.5V) 



Parameter 


Symbol 


Test Condition 








Unit 


Input Leakage Current 


iu 


V„ -5.25V 






10 


pA 


Output Low Voltage During Verify 


Vol 


/ 01 ~2.1mA 






0.45 


V 


Output High Voltage During Verify 


Voh 


Im 400 M 


2.4 






V 


Vcc Current (Active) 


IcCl 








150 


m A 


Input Low Level 


Vu 




-0.1 




0.8 


V 


Input High Level 


v,„ 




2.0 




Vcc + 1 


V 


Vpp Supply Current 


Ipp 


CE"-PGM"- V, L 






30 


m A 



• AC PROGRAMMING CHARACTERISTICS (Ta= 25"C ±5TJ, Vcc = 5V±5%, V PP -21V±0.5V) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address Setup Time 


hs 




2 






Ps 


OE Setup Time 


toES 





2 






PS 


Data Setup Time 


Ids 




2 






Ps 


Address Hold Time 


Iah 











Ps 


Data Hold Time 


IdH 










Ps 


OE~to Output Float Delay 


tDF 









130 


ns 


Vpp Setup Time 


tvs 




2 






Ps 


PGM Pulse Width During Programming 


tpw 




45 


50 


55 


ms 


CE Setup Time 


tcES 




2 






Ps 


Data Valid from OE" 


toe 








150 


ns 



Note '. lor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level : 0.8V to 2.2V 

Input Rise and Fall Time: <20ns 
Reference Level for Measuring Timing: Input; IV and 2V 

Output; 0.8V and 2V 





Verify 


■ 


- 




OE 



; ' D«u Out 
\ V«liJ 



>■ 



J 



■ ERASE 

Erasure of HN482764 is performed by exposure to Ultra- 
violet light of 2537A, and all the output data are changed 
to "1" after this erasure procedure. The minimum inte- 
grated dose (i.e. UV intensity x exposure time) for erasure 
is 1 5W • sec/cm 1 



330 







HN482764, HN482764-3, HN482764-4, 

HN482784G, HN482764G-3, HN482764G-4 



■ HIGH PERFOMANCE PROGRAMMING 

This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 




( END ") 

High Performance Programming Flowchart 



• AC PROGRAMMING CHARACTERISTICS ( Ta = 25 °C;t5°C, Vcc=6V±0.25V, V«.-21V + 0.5V) 



Parameter 


Symbol 


Test Condition 


mi n 


typ 


max 


Unit 


Address Setup Time 


t»S 




2 






/is 


OE Setup Time 


toES 




2 






fiS 


Data Setup Time 


tit 




2 






ps 


Address Hold Time 


t AH 











flS 


Data Hold Time 


tm 




2 






/IS 


TIE" to Output Float Delay* 


top 









130 


ns 


Vpp Setup Time 


tvps 




2 






PS 


Vcc Setup Time 


tvcs 




2 








PGM Pulse Width during Initial Program 


tpw 




0.95 


1.0 


1.05 


ms 


PGM Pulse Width during Over Program** 


lopw 




3.8 




63 


ms 


CE Setup Time 


tcES 




2 






fts 


Data Valid from OET 


tOE 








150 


ns 



Address 



Notes) * Idf defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
* * ittfv is defined as mentioned in flort chart. 

• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Time: < 20 ns 

Reference Level for Measuring Timing: Input; 1V and 2V 

Output; 0.8V and 2V 



-EE 



Vcc + 1 

: tee 



+ > f~ 



PCM 

m 
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HN4827128G- 
HN4827128G- 
HN4827128G- 



Preliminary 



1-Word x 8-bit UV Erasable and Programmable Read Only Memory 

The HN4827128 is a 16384 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the 



I FEATURES 



Single Power Supply 
Simple Programming 



+5V ± 5% 

Program Voltage: +21 V DC 

Program with One 50ms Pulse 

• Static No Clocks Required 

Inputs and Outputs TTL Compatible During Both Read and 
Program Mode. 

• Access Time 250ns/300ns/450ns 

• Absolute Max. Rating of Vpp Pin 26.5V 

• Low Stand-by Current 35mA 

• High Performance Programming Available 

• Compatible with INTEL 27128 
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■ PIN ARRANGEMENT 
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Ao[J 
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||] A„ 


A. [7 




25] A. 
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|3 A> 


A.[T 
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20] CI 
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19] 0, 
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oi\n 
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mo. 


cnd|h 




mo. 



(Top View) 



I MODE SELECTION 



Pins 


CE 
(20) 


OE 

(22) 


PGM 

(27) 


V„ 
(1) 


Vcc 

(28) 


Outputs 
(11-13, 15-19) 


Read 


V,, 


V, L 


V, H 


Vcc 


Vcc 


Dout 


Stand by 


V,„ 


X 


X 


Vcc 


Vcc 


High Z 


Program 


v, L 


X 


V,i 


Vpp 


Vcc 


Din 


Program Verify 


V, L 


V, L 


fm 


Vpp 


Vcc 


Dout 


Program Inhibit 


V u 


X 


X 


V Pr 




High Z 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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■ ABSOLUTE MAXIMUM RATINGS 








Item 


Symbol 


Value 


Unit 


Operating Temperature Range 




to +70 


*C 


Storage Temperature Range 


T.„ 


— 65 to +125 


"C 


All Input and Output Voltages* 


VlN, V„, 


—0.3 to +7 


V 


V PP Voltage* 




-0.3 to +26.5 


V 


Vcc Voltage* 


Vcc 


-0.3 to +7 


V 



* with respect to GND 



■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS {Ta-0 to +70°C, 



V C c-5V±5%, V PP -Vcc±0.6V) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


hi 


Vcc-5.25V, V,„-5.25V 






10 


M A 


Output Leakage Current 


ho 


Vcc -5. 25V, V...-5.25V/0.4V 






10 


M 


Vpp Current 


Ipp\ 


V P ,-Vcc+0.6V 






5 


mA 


Vcc Current (Standby) 


Icc\ 


CE- V„ 






35 


mA 


Vcc Current (Active) 


Iccz 


CE-OE-V,! 




60 


100 


mA 


Input Low Voltage 


V, L 




-0.1 




0.8 


V 


Input High Voltage 


V, K 




2.0 




Vcc+1 


V 


Output Low Voltage 


Vol 


Joi.-2.lmA 






0.45 


V 


Output High Voltage 


VOH 


/™--400M 


2.4 






V 


• AC CHARACTERISTICS (Ta = to 70°C, V cc = 5V + 5%, V PP = V CC ±0.6V) 


Parameter 


Symbol 


Test Condition 


HN4827128G-25 


HN4827128G-30 


HN4827128G-45 


Unit 


min 


max 


min 


max 


min 


max 


Address to Output Delay 


Ikc 


CE-OE- V, L 




250 




300 




450 


ns 


CE to Output Delay 


tee 


OE- V, L 




250 




300 




450 


ns 


OE to Output Delay 


toe 


CE — V, L 




100 




120 




150 


ns 


OE High to Output Float 


tor 


CE-V, t 





85 





105 





130 


ns 


Address to Output Hold 


t0H 


CE — OE— Vil 

















ns 



* Idf defines the tine at which the output achieves the open circuit condition and is not referenced to output 

• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 0.8V to 2.2V 

Input Rise and Fall Time: < 20 ns 

Output Load: 1 TTL Gate + 100 pF 

Reference Level for Measuring Timing: Inputs; 1V and 2V 

Outputs; 0.8V and 2.0V 



• CAPACITANCE (Ta-25°C, /= 1 MHz) 



X 



r 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


c. 


V..-0V 




4 


6 


pF 


Output Capacitance 




V...-0V 




8 


12 


pF 
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HN4827128G-25, HN4827128G-30, HN4827128G-45 



■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS ( r<x-25°C +5°C, V CC = SV±5%, K PP =21V±0.5V) 



Parameter 


Symbol 


Test Ccdition 


min 


typ 1 max 


Unit 


Input Leakage Current 


hi 


V,„-5.25V 






10 


M A 


Output Low Voltage During Verify 


Vol 


7oi-2.1mA 






0.45 


V 


Output High Voltage During Verify 


VoH 


I oh- -4(%A 


2.4 






V 


Vcc Current (Active) 


Iccz 








100 


mA 


Input Low Level 


V,L 




-0.1 




0.8 


V 


Input High Level 


V,H 




2.0 




Vcc+1 


V 


Vpp Supply Current 


hp 


CE-PGM-K, t 






30 


mA 


• AC PROGRAMMING CHARACTERISTICS ( r a =25°C ±5'C, V CC = 5V±5%, Vpp=21V±0.5V) 


Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address Setup Time 


l„ 




2 






ps 


OE Setup Time 


toES 




2 






fs 


Data Setup Time 


tos 




2 






J1S 


Address Hold Time 


tim 











M s 


Data Hold Time 


tos 




2 






J1S 


OE to Output Float Delay 


tor 









130 


ns 


Vpp Setup Time 


tvs 




2 








PGM Pulse Width During Programming 


tm 




45 


50 


55 


ms 


CE Setup Time 


Ices 




2 






fiS 


Data Valid from OE 


toe 








150 


ns 



Note ! tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 



• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 



0.8V to 2.2V 
<20 ns 

Input; 1V and 2V 
Output; 0.8V and 2V 

Program , Program 





Verify 








V 



OE 



K 



< 



Data Out 
Valid 



J 



•ERASE 

Erasure of HN4827128 is performed by exposure 
to ultraviolet light of 2537A and all the output data 
are changed to "1" after this erasure procedure. 
The minimum integrated dose (i.e. UV intensity x 
exposure time) for erasure is 15 W*sec/cm 2 . 
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■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro- 
gramming algorithm shown in following flow chart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 



( START ) 
I 



SET PROG./VERIFY MODE 
Vrp = 21±0.5V Vcc = 6.0±0.25V 




Address* 1— Address 



High Performance Programming Flowchart 



• AC PROGRAMMING CHARACTERISTICS ( Ta=25°C ±5°C, V cc -6V+0. 25V, V PP -21V±0.5V) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address Setup Time 


Ias 




2 






/is 


OE Setup Time 


toES 




2 






lis 


Data Setup Time 


Ids 




2 






/IS 


Address Hold Time 


tAH 











M* 


Data Hold Time 


t DH 




2 






lis 


OE to Output Float Delay* 


tDF 









130 


ns 


Vpp Setup Time 


t VPS 




2 








Vcc Setup Time 


t vcs 




2 






/is 


PGM Pulse Width during Initial Program 


tpw 




0.95 


1.0 


1.05 


ms 


PGM Pulse Width during Over Program** 


torn 




3.8 




63 


ns 


CE Setup Time 


tcES 




2 








Data Valid from OE 


l0E 








150 


ns 



* Idf defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels. 
** topw is defined as mentioned in flow chart. 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Time: < 20 ns 

Reference Level for Measuring Timing: Input; 1 V and 2V 

Output; 0.8V and 2V 



Address ^ * 



-Program- 



me- 
Vcc + 1 



CE 

PGM 
OE 



A 



-Program Verify— 
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HN48016P 



2048-word x 8-bit Electrically Erasable and Programmable ROM 



This device operates from a single power supply and features fast 
single address location programming. All the words are erased by one 
TTL level pulse. Erasing the bit pattern and programming new 
pattern can be made within 42 seconds. 



FEATURES 

Single Power Supply +5V ±5% 

Simple Programming Program voltage: +25V D.C. 

Program with one 20ms pulse. 
Electrically Erasing Erase Voltage: +25V D.C. 

Erase all words with one 200ms pulse. 

Fully Static No clocks required. 

Inputs and Outputs TTL compative during read, program and 
erase mode. 

Fully Decoded On-Chip Address Decode. 

Access Time 350ns Max. 

Low Power Dissipation .... 300mW Max. 

Three State Output OR-Tie Capability 

Pin-out Compatible with Intel 2716. 



I BLOCK DIAGRAM 



cso 

l„ o 1 


CS. Prog. & 
Ense Ugir 










- 


[ , 


A. - A,. . 










X D>co<ltr 










i. 



TTTTTTTT 




I PIN. ARRANGEMENT 



V GaiinK 



16381 bi' 
EEPROU M.lrix 




(Top View) 



■ MODE SELECTION 



— Pins 

Mode J* tl 


PGM 
(18) 


CS 
20 


Vn 
(21) 


Vcc 
(24) 


Outputs 
(8-11,13-17) 


Read 


VlL 


Vil 


+ 5 


+ 5 


Dout 


Deselect 


Don't Care 


V,h 


+ 5 


+ 5 


High Z 


Program 


Pulsed Vil to V,h 


Va 


-25 


-5 


Din 


Program Verify 


Vu 


Vu 


+ 25 


T 5 


Dout 


Program Inhibit 


Kit 


VlH 


+ 25 


■ 5 


High Z 


Erase 


Pulsed Vu to Vi, 


Vu 


+ 25 


-5 


High Z 
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I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


All Input and Output Voltage 


V/.Y, V.„ . 


-0.3 to Vcc + 0.3 or V rr +0.3 


V 


Vcc Voltage 


Vcc 


-0.3 to +7.0 


V 


Vpp Voltage 


V rr 


-0.3 to +28 


V 


Operating Temperature Range 


T.„ 


to +70 


*C 


Storage Temperature Range 


T„. 


-55 to +125 


°c 



■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (V CC = 5V±5%, Vpp = V C c + 0.6V* To-0 to +70°C) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


Iu 


K»-5.25V 






10 


M 


Output Leakage Current 


ho 


VW-5.25V 






10 


M 


Vcc Current 


lea 


CS-VWV/i 




32 


50 


m A 


Vpp Current 


Ipp\ 


VW-5.85V 




4 


7 


m A 


Input Voltage 


Vti 




-0.1 




0.8 


V 


V,H 




2.0 






V 


Output Voltage 


Vol 


Iol = 1 . 6 m A 






0.4 


V 


Voh 


Ion 100 p A 


2.4 






V 



* The tolerance of 0.6V allows the use of a driver circuit for switching the Vrr supply pin from Vcc in read to 25V for programming. 



• AC CHARACTERISTICS (Vcc-5V + 5%, Vpp- V CC ±0.6V, Ta-0 to +70'C) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address to Output Delay 


Iacc 


PGM=CS"-V,t 




200 


350 


ns 


Chip Select to Output Delay 


fea 


PGM - V,l 




70 


150 


ns 


Chip Deselect to Output Float 


Idf 







40 


100 


ns 


Address to Output Hold 


ton 


PGM -CS - V, L 


10 






ns 



• TEST CONDITION 

Input pulse levels: 
Input rise and fall time: 
Output load: 

Reference level for Measuring Timing: 



0.8V to 2.0V 
g 20ns 

1TTL Gate + 100 pF 
Inputs 1V and 1.8V 
Outputs 0.8V and 2.0V 



High Z 



I 



K 



i to 



'"A X 

—l D«i« Out V.lid \ 



High Z 



• CAPACITANCE (r =25°C,/=lMHz) 



Parameter 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 




V„ -0V 




7.5 


P F 


Output Capacitance 


Colli 


V...-0V 




15 


pF 
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■ PROGRAM OPERATION 

• DC PROGRAMMING CHARACTERISTICS (Vcc = 5V±5%, K P p = 25V±lV, Ta=0 to + 70TJ) 



Parameter 


Symbol 


Test .Condition 


min 


typ 


max 


Unit 


Input Leakage Current 




lu 


V,««5.25V 






10 


M 


Vcc Supply Current 


Ice, 






32 


50 


m A 


Vpp Supply Current 


Jppz 






10 


20 


mA 


Input Voltage 


V M 




-0.1 




0.8 


V 


v„ 




2.0 






V 


• AC PROGRAMMING CHARACTERISTICS(Vcc = 5V±5%, Vpp=25V±1V, Ta=Q to + 70TJ) 


Parameter 






Symbol 


Test Condition 




typ 




Unit 


Address Setup Time 






Ias 




2 






PS 


CS Setup Time 


tcss 




2 






ps 


Data Setup Time 


tos 




2 






its 


Address Hold Time 






2* 






PS 


CS Hold Time 






tcSH 




7 






ps 


Data Hold Time 










2 






ps 


Chip Deselect to Output Float Dela> 




tor 







40 


100 


ns 


Chip Select to Output Delay 






tea 






70 


150 


ns 


Program Pulse Width 







f,» 




15 


20 


25 


ms 


Program Pulse Rise Time 


tPRT 




5 






ns 


Program Pulse Fall Time 


tPFT 




5 






ns 


Vpp Setup Time 






IPS 




10 






PS 


Vpp Hold Time 






tpH 




10 






PS 


CS~to Program Mode Time 







tvs 




10 






Ms 


Vpp Read Mode Time 






t VH 


1 


10 






PS 



* If the mode changes from program mode to progr 



Mially (in the s 



:s). Im most be larger than + (,„. 



• TEST CONDITION 

Test Condition 

Input pulse levels: 

Input rise and fall time: 

Reference level for Measuring Timing: 



CS 



3<X 



0.8V to 2.0V 
20ns (10% to 90%) 
Input; Wand 1.8V 
Output: 0.8V and 2.0V 



Progrim 

Verity 



X 



Address 
Vshd 



St.ble 



n 



Addreis 
Valid 



tCO i tDF 



oczxz: 



>-cd- 



flil 



HN48016P 



■ ERASE OPERATION 

• DC ERASING CHARACTERISTICS (Vcc = 5V±5%, Vpp— 25V±1V, Ta— to + 70TJ) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Iu 


V,»-5.25V 






10 


/-A 


Vcc Supply Current 


Ice, 






32 


50 


m A 


Vpp Supply Current 


Ipp, 






10 


20 


mA 


Input Voltage 


V,L 




-0.1 




0.8 


V 


V,i 




2.0 






V 



• AC ERASING CHARACTERISTICS (Vcc — 5V + 5%, Vpp— 25V + 1V, Ta— to + 70TJ) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


CS Setup Time 


tECSS 




2 






PS 


PGM to Output Delay 


ICO 




7 






ps 


Erase Pulse Width 


!« 




190 


200 


210 


ms 


Erase Pulse Rise Time 


I£«r 




5 






ns 


Erase Pulse Fall Time 


tEFT 




5 






ns 


Vpp Setup Time 


tES 




10 






ps 


Vpp Hold Time 


I EH 




10 






PS 


Erase Program Time tsp 


lEP 




10 






PS 


Program Enase Time tpE 


tPE 




10 








• TEST CONDITION 

Test Condition 

Input pulse levels: 
Input rise and fall time: 


0.8V to 2.0V 
20ns (10% to 90%) 











Reference level for Measuring Timing: 



Input; 1Vand 1.8V 
Output; 0.8V and 2.0V 



■ POWER SUPPLY SEQUENCE PRECAUTIONS 

To protect the written data, power supply to the 
HN48016P should be turned on and off in the fol- 
lowing order: 

• Power On-Off Order and Input Level Limitation 
for ?55 and PGM Terminals 

Table 1 shows the relationship between the order in 
which power supply for the HN48016P should be 
turned on and off and the input levels of the C~3 and 
PGM terminals. 

(1) For the 5V Vpp and Vcc. there is no limitation 
as to the order in which power is turned on and 
off the state of the input terminals US and 
PGM. 

(2) When turning on and off power supply for the 
25V Vpp, keep Vcc at between 4.5V and 7V, 
and PGM at "Low." 

(3) When turning on and off power supply for the 
5V V C c while Vp P equals 25V ± 1 V (this being 
a rare case for the HN48016P), make sure to 
keep PGM at "Low." 

Fig. 1 shows the timing order in which power is 
turned on and off. 



• Table 1. Power On-Off Order for HN48016P 



Input Level 


Power On-Off 


PGM 


CS 


5V-V, P -Vcc 


25V- Vpp 


V, L 


V,L 


Possible 


Possible only when 


V, L 


V,H 


Vcc-4.5~7V* ! 


V, H 


V, L 


Possible 


impossible* 1 


V,, 


V,H 



I. 



If Power for the 25V Vpp were turned on or off 
while Vcc = -0.3V to +4.5V, the data holding 
characteristic would probably deteriorate. 
Note 2. If the 25V Vpp were operated to choose a "write" 
or "erase" mode while PGM = "V|h," contents of 
ROM would probably change. 
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• Example of Standard Power Supply Sequence 

The following is an example of i 
supply sequence: 







(1) Power On 



Torn or. 5V Vpp, Vcc( SW1) 



Fi« PCM >rLow - (SW3) 



Fix PGM «t"Low'(SW3) 



i 25V Vpp(SW2) 



Turn off 5V-Vrr, VcclSWl 



</ 




-r*c 

«- Vpp 



SW3 



PGM 



7?r 



• Inter-mode Timing 

The HN48016P has six operating modes, 5V Vpp read- 
out, non-selected, 25V Vpp write, write check, write 
inhibit, and erase. To protect the written data, keep the 
terminal PGM at "Low" for a period of 1Qus before and 
after turning the terminal Vpp from 5V to 25V and 
vice versa. 

The following describes the inter-mode timing for a 
system that uses the HN48016P. 

• Readout-*- Write -» Readout 

Before turning the terminal Vpp to 25V, keep the 
terminal PGM at "Low" for a period of 10us minimum 
(as indicated by tvs)- After the terminal Vpp has been 
turned to 25V, keep the terminal at "Low" for a 
period of 10/lis minimum (as indicated by tps). Before 
turning the terminal Vpp to 5V, keep the terminal C5 at 
"Low" for a period of 10/is minimum (as indicated by 
tpH>. After the terminal Vpp has been turned to 5V, 
keep the terminal PGM at "Low" for a period of 10/is 
minimum (as indicated by tvH<- 

• Readout-*- Erase-*- Readout 

This timing sequence is shown in Fig. 3. After turning 
the terminal Vpp to 25V, keep the terminal PGM at 
"Low" for a period of 10/is minimum (as indicated by 
tEs)- Keep the terminal PGM at "Low" for a period of 
10/xs minimum (as indicated by tEH ) before turning the 
terminal V PP to 5V, as well. 

• Erase -» Write -» Erase 

This timing sequence is shown in Fig. 4. Before turning 
the terminal C5 to "High (write mode)," keep the 
terminal. 

PGM at "Low" for a period of 10/us minimum (as 
indicated by tep). Before turning from "write" to 
"erase," keep the terminal CS at "Low" for a period of 
10/is minimum (as indicated by tp£>. 




Fig. 1. Power on-off timing sequence. 



V.hi Add-.., Vil 




Fig. 2. "Readout-»Write— Readout" timing 



CS 
PGM 




Fig. 3. "Readout--Erase— Readout" timing. 

Aodrcss ~ Do"'' CirJ AJdreM VilidX AjdrMi j vil idX Po|' Ci re 




Fig. 4. "Erase—Write— Erase" timing. 
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HM10414, HM10414-1 



256 - word x 1 -bit Fully Decoded Random Access Memory 

The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write, 
random access memory developed for high speed systems such as 
scratch pad and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metal izati on. 

The HM10414 is encapsulated in cerdip-16pin package, compatible 
with Fairchild's F10414. 

• Fully compatible with 10K ECL level 

• Address access time: HM10414: 10ns (max.) 

HM10414-1: 8ns (max.) 

• Write pulse width: 6ns (min.) 

• Three chip select pins 

• Output obtainable by wired-OR (open emitter) 




I PIN ARRANGEMENT 



I TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


any one H 


X 


X 


L 


Not Selected 


all L 


L 


L 


L 


Write "0" 


all L 


L 


H 


L 


Write "1" 


all L 


H 


X 


Dout* 


Read 



■ BLOCK DIAGRAM 
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A , e 




ll] Doul 


A, [T 




77] we 


A, [T 




IT] Din 


CS, [T 




"i7| a,. 


CS , |T" 




7T| a. 


CS, |T 




To] A, 


Vu [T 




7] a. 



(Top View) 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee tO VCC 


+ 0.5 to -7.0 


V 


Input Voltage 


v.. 


+ 0.5 to Vee 


V 


Output Current 


/,., 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


"C 


Storage Temperature 


7.,,'Bias;' 


-55 to +125 


•c 



♦ Undtr Bits 



4§} HITACHI 



HM10414, HM10414-1 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V ££ - -5.2V, R L ~50a to -2.0V, Ta=0 to +75°C,air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min (B) 


typ 


max (A) 


Unit 


Output Voltage 


Von 


Vin- Viha or Vyj.fi 


C 


-1000 


- 


-840 


mV 


+ 25 C 


-960 


- 


-810 


+ 75 C 


-900 


— 


-720 


Vol 





-1870 


- 


-1665 


-4- 0C,°C 


-1850 


- 


-1650 


+ 75 C 


-1830 


- 


-1625 


Output Threshold Voltage 


VoHC 


Vin— Vihb or Vila 


C 


-1020 


- 


- 


mV 


CO 


-980 


- 


- 


+ 75 C 


-920 


- 


- 


VoLC 


U \- 


— 


- 


-1645 




- 


- 


-1630 


-1-7KV' 


- 


- 


-1605 


Input Voltage 


V,H 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 


— 


-840 


mV 


+ 25°C 


-1105 


— 


-810 


+ 75°C 


-1045 


— 


-720 


V,L 




put Voltage 


O'C 


-1870 


— 


-1490 


Guaranteed In 


+ 25'C 


-1850 


- 


-1475 


low ior mi inputs 


+ 75'C 


-1830 




-1450 


Input Current 


tm 


V IN =V,HA 


to + 75"C 






220 


/<A 


I,L 


CS 


V,S= VtLB 


to + 75*C 


0.5 




170 


Other 


-50 






Supply Current 


hE 


All Input and Output Open, 
Test Pin 8 


+ 75*C 




-130 




m A 


O'C 


-180 


-140 





• AC CHARACTERISTICS 

( Vee= — 5.2V±5%, Ta=0 to +75*C,air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 



Item 


Symbol 


Test Condition 


HM 10414 


HM10414-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


Iacr 






3 


6 




3 


6 


ns 


Chip Select Recovery Time 


tttcs 






3 


6 




3 


6 


ns 


Address Access Time 


t AA 






7 


10 




6 


8 


ns 


2. WRITE MODE 




Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


twsA =2ns 


6 


4 




ns 


Data Setup Time 


twSD 




1 







ns 


Data Hold Time 


I WHO 




1 







ns 


Address Setup Time 


IWSA 


*n>=6ns 


2 







ns 


Address Hold Time 


IwHA 




2 







ns 


Chip Select Setup Time 


Iwscs 


1 







ns 


Chip Select, Hold Time 


IwHCS 


1 







ns 


Write Disable Time 


tws 






5 


ns 


Write Recovery Time 


twH 






5 


ns 


3. RISE/FALL TIME 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


f. 






1.5 


2.5 


ns 


Output Fall Time 


(/ 




1.5 


2.5 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


G. 






3 


5 


pF 


Output Capacitance 


C, 




5 


8 


pF 
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HM10414, HM10414-1 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITIONS 2. INPUT PULSE 

CND 
O 



HM10414 R L £ Je Cl 
_l 



O.OIpF ^ 



-0.9V -T- 

-1.7V 7 



t r = (/ = 2.0ns lyp 



3. READ MODE 



-2.0V 
fi,=50Q 

Ci=30pF( includes jig and stray capacitance) 



5 ^ 



50% 



1 




Address 50' 



80% 

Sr 20% Doul 



= 



-I M- 



80% 

Vzo% 



^r ^0% 



4. WRITE MODE V, /" 

50 ^ y 



! 



! I 



WE 



I— !»»"- 



50%V / 

-I HS1-— 1\ /[ 1 »H<- 



\50% 



(■SDH 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 





































































V 


e=-5.20 


1 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

200 



20 40 60 80 100 

Ambient Temperature Ta CO 













































































Ta = 


5*C 



-5.72 -5.20 -4.68 

Supply Voltage Vie (V) 
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HM10414, HM10414-1 

ADDRESS ACCESS TIME ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 




I 2 
a 



Vee = — 5.20V 

J L 



20 40 60 

To in 



WRITE PULSE WIDTH 

vs. AMBIENT TEMPERATURE 



i 

i 







































































Vee = 


-5.20V 



-20 20 40 60 80 100 

Ambient Temperature To It) 



= 4 
i , 

I 3 



-S.72 - 5.20 

Supply Vdu W fV) 



WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 









































































= 25'C 



-5.72 -5.20 -4.68 

Supply Voltage Vee (V) 
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HM2HO, HM2110-1 

1 024- word x 1 -bit Fully Decoded Random Access Memory 
The HM2110 Series item is an ECL compatible, 1024-word x 1-bit, 
read/write, random access memory developed for application to 
scratch pads, control and buffer memories, etc. which require high 
speeds. 

• It is compatible with 10K ECL logic. 

• Chip select access time 10ns (max.) 

• Address access time HM21 10: 35ns (max.) 

HM2110-1: 25ns (max. 

• Power consumption , 0.5mW/bit (typ) 

• Output obtainable by Wired-OR (open emitter). 




■ TRUTH 


TABLE 








Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



I PIN ARRANGEMENT 



: irrelevant 

! Read out noninverted 



I BLOCK DIAGRAM 



inn 

Ai A. At At A« 

I ABSOLUTE MAXMUM RATINGS 




Duut[~r 




j7] V c< 


, E 




Ts] Din 


A.fT 




u]cs 






77|wE 


.47 




T7|a. 


A.pT 




TT] a. 






To]a, 


""Li" 




9] A. 



■Top Vie*. 



Item 


Symbol 


HM2110 Series 


Unit 


Supply Voltage 


Vec to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


V„ 


+ 0.5 to Vu 




Output Current 


I.., 


-30 


mA 


Storage Temperature 


T„. 


-65 to +150 


•c 


Storage Temperature 


r.„(Bias)* 


-55 to +125 
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HM2110, HM2110-1 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee' 5.2V, R L = SOCl to -2.0V, Ta = to +75'C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


Vo„ 


Vi« — Viha or Vilb 


or 


-1000 


— 


-840 


mV 


+25"C 


-960 


— 


- 810 


+ 75"C 


-900 


- 


-720 


Vol 


or 


-1870 


— 


-1665 


+ 25*C 


-1850 


— 


-1650 


+ 75"C 


-1830 


— 


-1625 


Output Threshold Voltage 


Vohc 


Vw — Vihb or Vila 


O'C 


-1020 


— 


— 


mV 


+ 25"C 


-980 


— 


— 


+75*C 


-920 


— 


— 


Volc 


0"C 


— 


— 


-1645 


+ 25*C 


— 


_ 


-1630 


+ 75*C 


— 


_ 


-1605 


Input Voltage 


V,h 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 


— 


-840 


mV 


+ 25'C 


-1105 


— 


810 


+ 75"C 


-1045 


— 


-720 


V, L 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


-1870 


— 


-1490 


+ 25'C 


-1850 


— 


-1475 


+ 75'C 


-1830 




-1450 


Input Current 


l,H 




to + 75*C 






220 


M 


I,L 


cs 


V,H-V,L, 


to +75T 


0.5 




170 


Other 


-50 






Supply Current 


ltt 


All Input and Output Open, 
Test Pin 8 


osr<.<25'c 


-150 


-100 




mA 




-125 


-90 





• AC CHARACTERISTICS 

(Vee — — 5.2V ±5%, Ta = to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 
I. READ MODE 



Item 


Symbol 


Test Condition 


HM2110 


HM2110-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


Iacs 






7 


10 




7 


10 


ns 


Chip Select Recovery Time 


/kcs 






7 


10 




7 


10 


ns 


Address Access Time 


t*. 






20 


35 




15 


25 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


HM2110 


HM2110-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


twSA = 8ns 


25 






25 






ns 


Data Setup Time 


twSD 




5 






5 






ns 


Data Hold Time 


IwHD 


5 






5 






ns 


Address Setup Time 


twSA 


(»-25ns 


8 






8 






ns 


Address Hold Time 


twUA 




2 






2 






ns 


Chip Select Setup Time 


twscs 


5 






5 






ns 


Chip Select Hold Time 


twHCS 


5 






5 






ns 


Write Disable Time 
Write Recovery Time 


tws 
twft 






10 






10 


ns 






10 






10 


ns 
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HM2110, HM2110-1 

3. RISE/FALL TIME 



Item 


Symbol 


Test Condition 


m in 


typ 


max 


Unit 


Output Rise Time 



1, 






5 




ns 


Output Fall Time 


1/ 






5 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 






4 


5 


pF 


Output Capacitance 


Cnl 







7 


8 


pF 



■ TEST CIRCUIT AND 

1. LOADING CONDITION 




2. INPUT PULSE 

-o,v- 




-1.7V 




I, =11 = 2.5ns typ 



Ri =502 

Cl=30pF( includes probe and 
jig capacitance! 



3. READ MODE 



CS 



3t 



1— ' acs 
Dout V m , 



-50% 
-' RCS- 



Addre 




V|i.< Dout 
20% 



V,t, 



4. WRITE MODE 



CS 



Din 



WE 



50%\ £ 

— W50-- \ / 1 WHA • 



-' wscs- 



WHA — 

t WHCS- 



-I WR~ 



,0% 



HITACHI 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



HM2110, HM2110-1 











































































20 20 40 60 8 


W 



,20 



1 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



Ambient Temperature 7o CO 



-1 -2 -3 -4 -5 

Supply Volt.ge Vsi (V) 



ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 









HM2110 










HM2110-1 

























































40 60 80 100 

Ambient Temperature Ta CO 
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HM2112,HM2112-1 



1 024- word x 1 -bit Fully Decoded Random Access Memory 
The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write, 
random access memory developed for application to scratch pads, 
control and buffer memories, etc. which require high speeds. 




10k ECL Compatible 
. 1024-word by 1-bit 



I FEATURES 

Level 

Construction 

Address Access Time HM21 12 10ns (max.) 

HM2112-1 8ns (max.) 

Chip Select Access Time 5ns (max.) 

Power Consumption 0.8mW/bit (typ) 

Output Obtainable by Wired-OR (open emitter) 
Fully Pin Compatible with F10415 
I TRUTH TABLE 

























DG-16A 



I PIN ARRANGEMENT 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



'. Irrelevant 

! Read out noniverted 



IBLOCK DIAGRAM 



A,. _ 








A»o 

A,o . 


n 




i 










bout [T 


w 


17] Vet 


a, Ll 






A,[T 




17] CS 






77) we 


a,|~t 




TJJa, 


A.[~6~ 




77J a. 


A,[7 




To] A, 


v ££ [T 




9~] A. 




(Top View) 











TTTTT 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


HM2U2 


Unit 


Supply Voltage 


Vee to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


v„ 


+ 0.5 to V £t 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


T„. 


-65 to +150 


■c 


Storage Temperature 


r.„(Bias)* 


-55 to +125 


•c 



* Under Bias 
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HM2112, HM2112-1 



■ ELECTRICAL CHARACTERISTICS 

(V ££ = -5.2V, £,.-500 to -2.0V, 7a = to +75*C, air flow exceeding 2m/sec) 

• DC CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min(BI 


typ 


max (A) 


Unit 


Output Voltage 


Van 


VlN VlHA OF VlLB 


- C 


-1000 


- 


-840 


mV 


+ 25"C 


-960 


- 


-810 


+ 75*C 


-900 


- 


-720 


Vol 


or 


-1870 


— 


-1665 


+ 25'C 


-1850 


- 


-1650 


+ 75'C 


-1830 


- 


-1625 


Output Threshold Voltage 


Vohc 


Vis Vihb or Vila 


O'C 


-1020 


- 


- 


mV 


+ 25*C 


-980 


- 


- 


+ 75'C 


-920 


- 


- 


Volc 


0"C 


- 


- 


-1645 


+ 25"C 


- 


- 


-1630 


+ 75"C 


- 


- 


-1605 


Input Voltage 


Vn 


Guaranteed Input Voltage 
High for All Inputs 


0"C 


-1145 


- 


-840 


mV 


+ 25*C 


-1105 


- 


-810 


+ 75"C 


-1045 


- 


-720 


V,L 


Guaranteed Input Voltage 
Low for Al! Inputs 


<rc 


-1870 


- 


-1490 


+25'C 


-1850 




-1475 


+ 75'C 


-1830 




-1450 


Input Current 


1 1 L 


Vih-Viha 


to +75"C 






220 


M 


l,i 


CS 


V,*-V,l, 


to +75*C 


0.5 




170 


Other 


-50 






Supply Current 


Ice 


All Input and Output Open, 
Test Pin 8 


Ta— O'C 


-200 






mA 


7a-75"C 


-170 







• AC CHARACTERISTICS 

(Vee 5.2V +5%, Ta — to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 

1. READ MODE 



Item 


Symbol 


Test Condition 


HM2112-1 


HM2U2 


Unit 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


I ACS 




1 


3 


5 


1 


3 


5 


ns 


Chip Select Recovery Time 


t acs 


1 


3 


5 


1 


3 


5 


ns 


Address Access Time 


Iaa 


3 


6.5 


8 


3 


7.5 


10 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


HM2112-1 


HM2112 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


i»s^-3ns 


6 


2 




6 


2 




ns 


Data Setup Time 


twSD 




1 







1 







ns 


Data Hold Time 


twHD 


1 







1 







ns 


Address Setup Time 


twSA 


f w = 6ns 


3 







3 







ns 


Address Hold Time 


IwHA 




2 







2 







ns 


Chip Select Setup Time 


twscs 


1 







1 







ns 


Chip Select Hold Time 


t WHCS 


1 







1 







ns 


Write Disable Time 


t WS 


1 


3 


5 


1 


3 


5 


ns 


Write Recovery Time 


IWR 


1 


3 


5 


1 


3 


5 


ns 
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HM2112, HM2112-1- 

3. RISE/FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


i. 




0.8 


1.5 


2.5 


ns 


Output Fall Time 


tl 




0.8 


1.5 


2.5 


ns 


4. CAPACITANCE 














Item 


Symbol 


Test Condition 

1 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




1 


3 


5 


pF 


Output Capacitance 


Chi 


3 


5 


8 


pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

CND 



O.OlflF 



3. READ MODE 




2. INPUT PULSE 

-0.9V • 



-0.3V -T- 

-1.7V 7\ 

I 1<. 



80% 
20* 



r. = t/=2.0ns typ 



-2.0V 



Ct-30pF( includes probe and jig capacitance) 



50% 
i«cj 



1 / 

— Ucs —4 

vT^ > 8 ° 

Dout Jf - . 

1— A i, '/I— \ 



e ss ^^50% 



SO* 
50* 
20* 



Dout 




4. WRITE MODE 



CS 50* 



Addr, 



V 







■if 







Dou, 



tw 



50% 
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HM2112, HM2112-1 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 







































































tin* 


-S.2UV 



20 40 6(J *u log 
Ambient Tempereture Ta CCi 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



£ 1 20 









































































25T 



-572 -5.20 -4.68 

Supply Voltage V ££ (VI 



ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 



j 

S ^ 







































































v ££ =- 


5.20V 



20 40 60 80 100 

Ambient Temperature 7-3 (■(;) 



ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 







































































Ta = 


2sr 



-5.72 -5.20 -4*8 

Supply Voltage Vei (V) 



CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 



















































































Vl£ = 


-S.20V 



-20 



20 40 60 80 100 

Ambient Temperature Ta CC ) 



CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 



i 4 







































































Tu = 


25 - C 



-S.20 -4*8 
Supply Voltage Vsc (V) 
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HM2112, HM2112-1 



WRITE PULSE WIDTH 

vs. AMBIENT TEMPERATURE 



6 



s 



* 4 









































































-5.20V 



20 40 60 80 100 

Ambient Temperature To CC I 



WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 




-5.72 - 5.20 - 4.68 

Supply Voltage Vci (VI 
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HM10422 







2 56- word x 4- bit Fully Decoded Random Access Memory 
The HM 10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 
With Fairchild's F10422. 



■ FEATURES 

• 256-word x 4 bit organization. 

• Fully compatible with 10K ECL level 

• Address access time: 10ns (max) 

• Write pulse width: 6ns (min) 

• Power dissipation: 0.8mW/bit 

• Output obtainable by wired-OR (open emitter) 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


BS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


x 


Dout* 


Read 



Notes) * : Irrelevant 

* : Read out noninvert 

■ BLOCK DIAGRAM 



Ai A. Ai 



I I I 



I 





Y-Decndet 


/Driver 




u 


u 


u 


u 




Memory 


Cell Array 






256 Wo 


rdsX4 Bus 




Block 1 


Block 2 


Block 3 


Block 4 














R/W Circuit 


R/W Circuit 


R/W Circuit 


R/W Circuit 


A A A 


A A A 


A A A 


A A A 


IS s § 


IS 3 £ 


is 3 £ 


IS 3 £ 




I PIN ARRANGEMENT 




(Top View) 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vie to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


v.. 


+ 0.5 to V E £ 


V 


Output Current 


/.., 


-30 


nut 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Storage Temperature 


r.,.(Bias)' 


-55 to +125 


•c 


* Under Bias 









■ ELECTRICAL CHARACTERISTICS 

(Vee = S.2V, Rl-SQQ to -2.0V, Ta = to +75°C, air flow exceeding 2m/sec) 

• DC CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


Voh 


V, K ~V,HA 

or Vilb 


0"C 


-1000 




-840 


mV 


+ 25"C 


-960 


— 


-810 


+ 75'C 


-900 





-720 


Vol 


0'C 


-1870 




-1665 


^25*C 


-1850 





-1650 


1-75V 


-1830 


_ 


-1625 


Output Threshold Voltage 


Vbbc 


Vin = Vihb or Vila 


0"C 


-1020 






mV 


+ 25"C 


-980 






+ 75"C 


-920 






Volc 


0"C 






-1645 


+ 25"C 






-1630 


+ 75"C 






-1605 


Input Voltage 


v,„ 


Guaranteed Input Voltage 
High for All Inputs 


0"C 


-1145 




-840 


mV 


+ 25"C 


-1105 




-810 


+ 75"C 


-1045 




-720 


Th 


Guaranteed Input Voltage 
Low for All Inputs 


o - c 


-1870 




-1490 


+ 25 - C 


-1850 




-1475 


+ 75-C 


-1830 




-1450 


Input Current 


I,H 


V/N = VlHA 


to +75'C 






220 


M 




BS 


V,«-V, LB 


to +75'C 


0.5 




170 


Other 


-50 






Supply Current 


lee 


All Input and Output Open, 
Test Pin 12 


Ta-0'C 


-200 


-160 




mA 


ro-75"C 




-145 





• AC CHARACTERISTICS 

1. READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Block Select Access Time 


t ABS 


' ' 






5 


ns 


Block Select Recovery Time 


tBBS 


— 




5 


ns 


Address Access Time 


t A A 




7 


10 


ns 


2. WRITE MODE 






Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


!» 


twsA = 2ns 


6 


4.5 




ns 


Data Setup Tims 


f WSD 




2 







ns 


Data Hold Time 


1 WHD 


2 







ns 


Address Setup Time 


twSA 


(»-6ns 


2 







ns 


Address Hold Time 


twHA 




2 







ns 


Block Select Setup Time 


twSBS 


2 







ns 


Block Select Hold Time 


twHBS 


2 







ns 


Write Disable Time 


tws 




4 


5 


ns 


Write Recovery Time 


IWB 




4.5 


9 


— 
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-HM10422 



3. RISE/FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


f. 




- 


2 


- 


ns 


Output Fall Time 


1/ 




- 


2 


- 


ns 


4. CAPACITANCE 














Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 






4 




pF 


Output Capacitance 


c, 






7 




pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 




HITACHI 



HM10422 




ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 



I 10 



7 















































































5.20V 



-20 20 40 60 80 100 



Ambient Temperature Ta CO 



ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 



j 










































































25t 



Supply Voluce V £E (V) 



BLOCK SELECT ACCESS TIME BLOCK SELECT ACCESS TIME 

vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 




20 40 60 80 100 " 5.72 - 5.20 - 4.68 

Ambient Temper.ture 7« CC) Supply Volt.ge Va (V) 
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-HM10422 



WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 





































































Vu 


= -5.20V 





40 60 80 



WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 



















































































To=2 





-5.72 -5.20 

Supply Volup Vk (V) 
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HM10422-7 



256-word x 4-bit Fully Decoded Random Access Memory 
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 



Four active Low Block Select 
independently. 

The fabrication process is the 
isolation method with double me 
The HM10422 is encapsulated in 
with Fairchild's F10422. 




to select 




low C3p3Clt3nC6 f OXldC 



■ FEATURES 

• 256-word x 4 bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 7ns (max) 

• Write pulse width: 4ns (min) 

• Power dissipation: 1.0 mW/bit 

• Output obtainable by wired-OR (open emitter) 




IPIN ARRANGEMENT 



■ TRUTH 


TABLE 








Input 




Mode 


BS 


WE 


Din 


Output 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Notes) x : Irrelevant 

* : Read out noninvert 

■ BLOCK DIAGRAM 



J I L 



Y- Decoder/ Driver 

u a u u 



Vcc, (T 




TT) Vcr 


DO, |T 




*7T| ui). 








UO, [T* 




21] Ulh 


bs7(T 




20] bs7 


ui, [T 




3 


Ul! 




7jTJ Uh 


WE [T 




77] a, 


As [T 




jj£| As 


As [lcT 




77J As 


a, [77 




77] a, 






TTJ a. 



(Top View) 



Ao < 
A, c 







Memory Cell Array 
256 WnrdsX4 Bits 



n n n n 



WE O— 


R/W Circuit 


R/W Circuit 


R/W Circuit 


R/W Circuit 




A A A 


A A A 


A A A 


A A A 




IS 3 s 


is a i 


If 3 §* 


n * i 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


V„ 


+ 0.5 to Vee 


V 


Output Current 


I,., 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Storage Temperature 


T.„(Bias)' 


-55 to +125 


•c 



* Under Bias 



■ ELECTRICAL CHARACTERISTICS 

(V £ £ = -5.2V, Rl-SOCI to -2.0V, Ta = Q to + 75°C, air flow exceeding 2m/sec) 

• DC CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min(B) 


typ 




Unit 


Output Voltage 


VoH 


V,» - V, K , 

or VlLB 




— 1000 




-840 


mV 


+ 25°C 


— 960 




—810 


+ 75'C 


— 900 




— 720 


Vol 


o'c 


— 1870 




— 1665 


+ 25°C 


— 1850 




— 1650 


+ 75"C 


— 1830 




— 1625 


Output Threshold Voltage 


Vo„c 


V, n -ViHB or Vila 


O'C 


-1020 






mV 


+ 25*C 


-980 






+ 75'C 


-920 






Vote 


o*c 






-1645 


+ 25*C 






-1630 


+ 75'C 






-1605 


Input Voltage 


V,H 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 




-840 


mV 


+ 25'C 


-1105 




-810 


+ 75'C 


-1045 




-720 


V,L 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


-1870 




-1490 


+ 25'C 


-1850 




-1475 


+ 75'C 


-1830 




-1450 


Input Current 


/,» 


V,»-V,ha 


to +75'C 






220 


M 


1,L 


BS 


V,„ = V, LB 


to +75'C 


0.5 




170 


Other 


-50 






Supply Current 


Iee 


All Input and Output Open, 
Test Pin 12 


To -O'C 


-240 


-200 




mA 


To-75'C 




-180 




• AC CHARACTERISTICS 

1. READ MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Block Select Access Time 


tABS 








5 


ns 


Block Select Recovery Time 


t Has 






5 


mm 


Address Access Time 


I A A 




4 


7 


ns 


2. WRITE MODE 




Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


If 


twsA.=*2ns 


4 


3 




ns 


Data Setup Time 


IWSD 




1 






ns 


Data Hold Time 


I WHO 


1 






ns 


Address Setup Time 


t WSA 


t»-4ns 


2 






ns 


Address Hold Time 


t WHA 




1 






ns 


Block Select Setup Time 


IWSBS 


1 






ns 


Block Select Hold Time 


t WHBS 


1 






ns 


Write Disable Time 


tws 




3 


5 


ns 


Write Recovery Time 






3 


5 


ns 
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3. RISE/ FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 






2 




ns 


Output Fall Time 


ll 






2 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


m in 


typ 


max 


Unit 


Input Capacitance 


C. 






3 




pF 


Output Capacitance 




' 




5 




pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 




4. WRITE MODE 




362 



HM10470, HM 10470- 1, 
HM10470F 

4096-word x 1-bit Fully Decoded Random Access Memory 

The HM10470/F is ECL 10K compatible, 4096-words x 1-bit, read 
write random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide isola- 
tion method with double metalization. 

The HM10470/F is encapsulated in cerdip-18 pin and Flat-18 pin 
package, compatible with Fairchild's F10470. 

■ FEATURES 

• 4096-word x 1-bit organization 

• Fully compatible with 10K ECL level 

• Address access time: HM10740/F 25ns (max) 

HM10470-1 15ns (max) 

• Write pulse width: HM10470/F 25ns (min) 

HM10470-1 15ns (min) 

• Low power dissipation: 0.2mW/bit 

• Output obtainable by wired-OR (open emitter) 

■ TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Notes) X : Irrelevant 

* : Read Out Noninvert 

■ BLOCK DIAGRAM 




TTTTTT 
* < < 



— 



— 



HM10470. HM10470-1 




(DG-18) 



HM10470F 




(FC-18) 



I PIN ARRANGEMENT 




(Top View) 



I ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vce to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


Vi. 


+0.5 to Vee 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


T... 


-65 to +150 


•c 


Storage Temperature 


r.„(Bias)' 


-55 to +125 


•c 



HITACHI 
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HM10470, HM10470-1, HM10470F 

■ TEST CIRCUIT AND WAVEFORMS 

• DC CHARACTERISTICS (V ££ = -5.2V, Rl = 50CI to -2.0V, Ta-Q to +75"C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


minlBI 


typ 


max(A) 


Unit 


Output Voltage 


VOH 


ViN — VtHA or VlLB 


O'C 


-1000 




-840 


mV 


+25'C 


-960 




-810 


+75'C 


-900 




-720 


Vol 


O'C 


-1870 




-1665 




+ 25'C 


-1850 




-1650 


+ 75'C 


-1830 




-1625 


Output Threshold Voltage 


Vohc 

I . 


Vin-Vihb or Vua 


O'C 


- 1020 






mV 


+ 25'C 


-980 






+ 75'C 


-920 






VOLC 

l 


O'C 


— 





-1645 


t 25"C 


— 





-1630 


+ 75'C 


— 





-1605 


Input Voltage 


V,H 


Guaranteed Input Voltage 
High for All Inputs 




O'C 


-1145 





-840 


mV 


+25'C 


-1105 





-810 


+ 75'C 


-1045 




-720 


V,L 


Guaranteed Input Voltage 
Low for All Inputs 


or 


-1870 




-1490 


+ 25'C 


-1850 




-1475 


+ 75'C 


-1830 




-1450 


Input Current 


lu 




to + 75'C 






220 


M 


In 


cs 


V,«-V,LB 


to +75"C 


0.5 




170 


Other 


-50 






Supply Current 




All Input and Output Open, 
Test Pin 9 


To — O'C 


-200* 


-160* 




mA 


-280" 


-200" 




To -75'C 




-145 





* HM10470/F 
• • HM10470-1 



• AC CHARACTERISTICS(V ££ = -5.2V +5%, Ta~0 to +75'C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


HM10470/F 


HM10470-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


tACS 








10 






8 


ns 


Chip Select Recovery Time 


lues 






10 






8 


ns 


Address Access Time 


tAA 




15 


25 




12 


15 


ns 




Item 


Symbol 


Test Condition 


HM10470/F 


HM10470-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


twsA= 3ns 


25 






15 






ns 


Data Setup Time 


IWSD 




2 






2 






ns 


Data Hold Time 


t WHO 


2 






2 






ns 


Address Setup Time 


twSA 


tw=tw«, n 


3 






3 






ns 


Address Hold Time 


t WHA 




2 






2 






ns 


Chip Select Setup Time 


twscs 


2 






2 






ns 


Chip Select Hold Time 


IWHCS 


2 






2 






ns 


Write Disable Time 


t ws 






10 






8 


ns 


Write Recovery Time 


twt 






10 






8 


ns 
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— HM10470, HM10470-1, HM10470F 



3. RISE /FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


1. 






2 




ns 


Output Fall Time 


U 






2 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 






3 




pF 


Output Capacitance 


c. 






5 




pF 



I TEST CIRCUIT AND WAVEFORMS 



1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 



2. INPUT PULSE 

-0.9V - 




O.Ol^F 



3. READ MODE 



502 

Ct.=30pF(includes 
capaci ance) 



t. = f/ = 2.0ns typ 




t.l— J 1/1—1 



4. WRITE MODE 



HM10470, HM10470-1, HM10470F 

SUPPLY CURRENT vs. SUPPLY CURRENT vs. 



AMBIENT TEMPERATURE SUPPLY VOLTAGE 




ADDRESS ACCESS TIME 
VS. AMBIENT TEMPERATURE 







































































v«i=-! 


20V 



-20 20 40 60 80 100 

Ambient Temperature To (*C) 



ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 













































70/ F __ 










HM1 


470-1 _ 


























To = 


!5t 



-5.72 -5.20 -4.68 

Supply Voltage Vec (V) 



CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 











































HI 
H> 


10470/F 
.10470-1 
























V£ 


'.= -520 


V 



40 60 80 100 

Temperature To (t) 



CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 











































HM10470 
HM1047 


/F 
1-1 




























5'C 



-5.72 -5.20 -4.68 

Supply Voltage Vcc (V) 



366 



HM10470, HM10470-1, HM10470F 



WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 































HM 


0470/F 






















HI 


10470-1 














Vn=-5 


.20V 



WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 



* 
£. 

.? i 

£ 

10 































HM10 


470/F 






















HM10 


170-1 





























Ambient Temptr.lure Ta CC) 



-5.72 -5.20 

Supply Voll.ge V E£ (V) 
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HM10470-1S 



4096- word x 1 -bit Fully Decoded Random Access Memory 
The HM10470 is ECL 1 0K compatible, 4096-words x 1-bit, read/ 
write, random access memory developed for high speed systems 
such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 



with Fairchild's F10470. 



■ FEATURES 

• 1096-word x 1-bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 15ns (max) 

• Write pulse width : 15ns (min) 

• Low power dissipation : 0.2 mW/bit 

• Output obtainable by wired-OR (open emitter) 

■ TRUTH TABLE 



Input 


Output 


Mode 


C~S~ 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Notes ) X : Irrelevant 

* : Read Out Nonivert 



I BLOCK DIAGRAM 



Ao 
A, 
Ai 
Aj 
A. 
Ai 




ii n ii 




I PIN ARRANGEMENT 




(Top View) 



I ABSOLUTE MAXIMUM RATINGS (7a = 25°C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


v.. 


0.5 to V,, 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


T,„ 


-65 to +150 


r 


Storage Temperature 


T,„(Bias)« 


-55 to +125 


•c 



* Under Bias 



•JAO 

ooo 



HM1 0470-1 5 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee- -5.2V, Rl = 50CI to -2.0V, Ta=0 to +75"C, air flow exceeding 2m/sec) 



Item 

item 


Symbol 


Test Condition 


min (Rl 

ID 1 rl \lJt 


typ 


max(A) 


Unit 




Output Voltage 


VOH 


VlN = VlHA Or VlLB 


0*C 


— 1000 




— 840 


mV 


+ 25°C 


— 960 




—810 


+ 75°C 


— 900 




-720 


Vol 


0"C 


-1870 




-1665 


+ 25°C 


-1850 




-1650 


+ 75°C 


-1830 




— 1625 


Output Threshold Voltage 


Vohc 


Vin = Vimb or Vila 


O'C 


-1020 






mV 


+ 25"C 


-980 






+75"C 


—920 






Volc 


u ^ 






— 1645 


+25 C 






— 1630 


-f-75*C 






1605 


Input Voltage 


VlH 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


— 1145 




—840 


mV 


+25°C 


— 1105 




—810 


-4-75*C 


— 1045 




— 720 


VlL 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


— 1870 




— 1490 


+ 25'C 


— 1850 




— 1475 


+ 75'C 


-1830 




-1450 


Input Current 


l,H 


V IN =V,HA 


to + 75"C 






220 


MA 


IlL 


cs 


Vl*-VlLM 


to + 75'C 


0.5 




170 


Other 


-50 






Supply Current 


Iee 


All Input and Output Open, 
Test Pin 12 


Tu-O'C 


-200 


-160 




mA 


Ta-75"C 




-145 




• AC CHARACTERISTICS (V ££ = -5. 2V + 5%, Ta = to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


tACS 








8 


ns 


Chip Select Recovery Time 


tRCS 






8 


ns 


Address Access Time 






- 


15 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


Sirs*— 3m 


15 






ns 


Data Setup Time 


t\VSD 




2 






ns 


Data Hold Time 


twHD 


2 






ns 


Address Setup Time 


twSA 


/w=-15ns 


3 






ns 


Address Hold Time 


twHA 




2 






ns 


Chip Select Setup Time 


twscs 






2 






ns 


Chip Select Hold Time 


twHCS 




2 






ns 


Write Disable Time 


tm 








8 




Write Recovery Time 








8 


ns 



&b UITAPHI 369 



HM10470-15- 



3. RISE /FALL TIME 



Item 


Symbol 


Test 


Condition 


min 


typ 


max 


Unit 


Output Rise Time 


n 








2 




ns 


Output Fall Time 


ti 








2 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test 


Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 






3 




pF 


OutDut Caoacitance 


c, 




5 




pF 


■ TEST CIRCUIT AND WAVEFORMS 












1. LOADING CONDITION 

Test Circuit 






2. INPUT PULSE 











Vcc(CND) 



O.Ol^F 




t, = i/=2.0ns typ 



Kl=50Q 

Ci=30pF(includes 
ijig 



3. READ MODE 



•50% 



Add,,.. 



Dout 




\ / 



4. WRITE MODE 



CS 5 0% . , 
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HM2142 



4096- words x 1 -bit Very High Speed Random Access Memory 

The HM2142 is 4096-words x 1-bit very high speed read/write, 
random access memory developed for high speed systems such as 
pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM2142 is encapsulated in cerdip-20 pin package. 



■ FEATURES 

• 4096-words x 1 bit organization 

• Very high speed address access time: 10ns (max) 

• Write pulse width: 10ns (min) 

• Power dissipation: 0.3 mW/bit 

• Output obtainable by wired-OR 

■ TRUTH TABLE 



Input 


Output 


Mode 


c"s 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Douf 


Read 



Notes) X : Irrelevant 

* I Rod Out Nonivert 



I BLOCK DIAGRAM 




TTTTTT 

^ < z < | | 




I PIN ARRANGEMENT 



NC | 1 


■> -1 

20 1 Vcca 


Doul [T 


Vcc 


A. [T 


»T| Din 


Ai (T 


TT| CS 


A, [T 


"t6~| WE 


Aj [T 


Is] An 


A. [T 


A,. 


As [T 


T7] A. 


As [T 


~u \ Ai 


Vie [lO 


jTJ At 



(Top View) 



+ 



yf{K HITACHI 
x5r ■ •"«-»■ ■• 



HM2142 — 



■ ABSOLUTE MAXIMUM RATINGS (7a-25°C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


VeE tO VcC 




+ 0.5 to -7.0 


V 


Input Voltage 


v.. 


+0.5 to Vee 


V 


Output Current 


J... 


-30 


mA 


Storage Temperature 


T... ' 


-65 to +150 


•c 


Storage Temperature 


T.„(Bias)« 


-55 to +125 


•c 

- 


* Under Bias 







■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V E £= —5.2V, K L =50fi to -2.0V, Ta = to +75°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


— 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


Voh 


Vm= Viha or Vilb 


C 


-1000 


— 


-840 


mV 


+ 25"C 


-980 




-810 


+ 75'C 


-950 




-720 


Vol 


0"C 


-1870 




- 1665 


+ 25"C 


-1850 




-1650 


+ 75"C 


-1830 




-1625 


Output Threshold Voltage 


Vohc 


Vm* Vihb or Vila 


0'C 


-1020 






mV 


+25'C 


-980 






+ 75'C 


-920 






VOLC 


0'C 






-1645 


+ 25'C 






-1630 


+ 75'C 






-1605 




V,B 


Guaranteed Input Voltage 
High for All Inputs 


or 


-1165 




-880 


mV 






+ 25-C 


-1165 




-880 


+ 75"C 


-1165 




-880 


Input Voltage 


Vn 


Guaranteed Input Voltage 
Low for All Inputs 


0'C 


-1810 




1560 


+ 25'C 


-1810 




-1560 


+ 75'C 


-1810 




-1560 






la 


V, K - V,HA 


to +75'C 






220 


MA 


Input Current 


la 


C S 


V,s- V ILB 


to +75'C 


0.5 




170 


Others 


-50 






Supply Current 


Iee 


All Input and Output Open. 


Ta-0'C 


-270 


-240 




mA 


Ta-75'C 




-220 




• AC CHARACTERISTICS (V E e= -5. 2V+5%, Ta = to +75°C, air' flow exceeding 2m/sec) 
1. READ MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


t/tCS 








6 


ns 


Chip Select Recovery Time 


tacs 








6 


ns 


Address Access Time 


Iaa 








10 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


Iwsa — 3ns 


10 






ns 


Data Setup Time 


twSD 




1 






ns 


Data Hold Time 


twHD 




1 






ns 


Address Setup Time 


twSA 


Iw— 10ns 


3 






ns 


Address Hold Time 






2 






ns 


Chip Select Setup Time 


twscs 


1 






ns 


Chip Select Hold Time 


twHCS 


1 






ns 


Write Disable Time 


tws 






6 


ns 


Write Recovery Time 








6 


ns 



^UITAPUI 
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HM2142 



3. RISE/FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


u 




- 


2 


— 


ns 


Output Fall Time 


tl 






2 




ns 


4. CAPACITANCE 














Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


Cu 




— 


3 




pF 


Output Capacitance 


C, 







5 




pF 



■ TEST CIRCUIT AND WAVEFORMS 

t. LOADING CONDITION 

Test Circuit 

) Vcc(GND) 




2. INPUT PULSE 

-0.9V - 



-1.7V 




r-20% 



b t,|- 

l,= f,=2.0ns typ. 



502 

Ct=30pF( includes 
probe and jig 
capacitance) 



3. READ MODE 




13^ 



80% 

,50% Dout 
20% 



4. WRITE MODE 



-I 



— -/ 
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HM10474, HM10474-15 



1 024- word x 4-bit Fully Decoded Random Access Memory 
The HM 10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metal ization 
The HM10474 is encapsul 
with Fairchild's F 10474. 
■ FEATURES 

• 1024-word x 4-bit organization 

• Fully compatible with 10K ECL level 
HM 10474 25ns (max) 
HM10474-15 15ns (max) 
HM10474 25ns(min) 

HM10474-15 15ns (min) 

• Low power dissipation: 0.2mW/bit 

• Output obtainable by wired-OR (open emitter) 



i time: 
Write pulse width: 




PIN ARRANGEMENT 



■ TRUTH TABLE 


Input 


Output 


Mode 


CS 


WE 


Pin 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write **0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout' 





Notes) X : lrrelevsnt 

» : Read Out Nonivert 

■ BLOCK DIAGRAM 



Ai Ai A> 
J ? ? 



Y-Decoder/Driver 



Ad 

Ai 
At 

A3 

At 
Aso- 





u 


u 


u 




Memory Cell Array 






1024Word 


X 4 Bits 




Block 1 


Block 2 


Block 3 


Block i 




(Top View) 



WEt 

CS c 



R/W 



Circuit 



n n r 

s § a i s £ 
I ABSOLUTE MAXIMUM RATINGS (Ta — 25'C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vcc to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


v.. 


+ 0.5 to Vce 


V 


Output Current 


I... 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Storage Temperature 


^..(Bias)* 


-55 to +125 


•c 



• Under Bias 
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HM10474, HM10474-15 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Vee — —5.2V, fli. = 50n to -2.0V, Ta-0 to +75°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 




min(B) 


typ 


max (A ) 


Unit 


Output Voltage 




VlN — VlHA Or VlLB 


0"C 


— 1000 




—840 


mV 


+25'C 


—960 




—810 


+ 75'C 


— 900 




—720 


Vol 


o'c 


— 1870 




— 1665 


+ 25'C 


— 1850 




— 1650 


+ 75"C 


— 1830 




— 1625 


Output Threshold Voltage 


VOHC 




O'C 


— 1020 






mV 


+ 25'C 


—980 








Vila 


+ 75'C 


— 920 






VOLC 


Vw — VtHB or 


O'C 






— 1645 




+25'C 






-1630 


+75'C 






-1605 


Input Voltage 


V,H 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 




-840 


mV 


+25'C 


-1105 




-810 


+75"C 


— 1045 




— 720 


VlL 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


— 1870 




— 1490 


+ 25 C 


— 1850 




— 14/ D 


+ 75'C 


-1830 




-1450 


Input Current 


Ift 


Vi K -Vh,a 


to +75'C 






220 


/-A 


la 


CS 


V,„-V,lb 


to +75'C 


0.5 




170 


Others 


-50 






Supply Current 


In 


All Input and Output Open, 
Test Pin 12 


To -O'C 


-200 


-160 




mA 


To-75'C 




-145 





• AC CHARACTERISTICS {Vee — —5.2V ±5%, Ta-0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 



Item 


Symbol 


Test Condition 


HM10474 


HM10474-15 


Unit 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


t ACS 








10 






8 


ns 


Chip Select Recovery Time 


titcs 








10 






8 


ns 


Address Access Time 


t AA 






15 


25 






15 




2. WRITE MODE 


Item 


Symbol 


Test Condition 


HM10474 


HM10474-15 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


Iw 


lire,, -3ns 


25 


15 




15 






ns 


Data Setup Time 


twSD 




2 






2 






ns 


Data Hold Time 


twHD 




2 






2 






ns 


Address Setup Time 


twSA 




3 






3 






ns 


Address Hold Time 


iwHA 




2 






2 






ns 


Chip Select Setup Time 


twscs 




2 






2 






ns 


Chip Select Hold Time 


tmfcs 




2 






2 






ns 


Write Disable Time 


tws 








10 






8 


ns 


Write Recovery Time 


twR 








10 






8 


ns 



HITACHI 



375 



HM10474, HM10474-15- 

3. RISE/FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 






2 




ns 


Output Fall Time 


h 






2 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 






4 




pF 


OutDut Capacitance 








7 




pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 



Test Ci rcuit 

Vcc(GND) 



2. INPUT PULSE 



0.01«F 





-2.0V St=50Q 

Ci=30pF(ioc hides 
probe and jig 
capacitance) 

3. READ MODE 



L H a- 



50* Addr.,, ^50% 

' I ) . I 



m% 




50% 
20% 



A tA/DITC Mnnc 

4. WRITE MODE 












50% 



¥1 



50%'ilf 



^ ^0% 50% ^ 



50?t- 
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HM10474, HM 10474-15 



SUPPLY CURRENT vs. SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE SUPPLY VOLTAGE 




ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 





































































y 


££=-5.: 


ov 



20 40 60 80 100 

Ambient Temperature To (*C) 



ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 








































































7o = 


25"C 



Supply Voltage Vcc (V) 



CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 





































































V 


■£=-5.2 


IV 



20 40 60 80 

Ambient Temperature Ta ("C) 



CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 



















































































To = 


25"C 



-5.72 -S.20 -4.68 

Supply Voltage Vee (V) 



HM10474, HM10474-15 



WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 







































































V £E =- 


-5.20V 



20 40 60 80 100 

Ambient Temperature Ta CC) 



WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 



* is 

a. 

« 10 

i 

5 







































































Ta = 


2S'C 



-5 72 -5.20 -ICS 

Supply Voltage Vti (V) 




378 



HM10480, HM10480F 



16,384-wordsx 1-bit Fully Decoded Random Access Memory 

The HM 10480 is ECL 10K compatible, 16,384-words x 1-bit, 

read/write random access memory developed for high speed 

systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 

isolation method with double metalization. 

The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 

package, compatible with Fairchild's F10480. 



■ FEATURES 

• 16,384-words x 1-bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 25ns (max) 

• Write pulse width: 25ns(min) 

• Low power dissipation: 0.05mW/bit 

• Output obtainable by wired-OR (open emitter) 



■ TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



HM10480 




(DG-20) 



HM10480F 




(FG-20) 



Notes) X '■ Irrelevant 

* I Read Out Noninvert 

■ BLOCK DIAGRAM 



■ PIN ARRANGEMENT 




A A A A A A A 

•S - 2 3 » 3 
<<<<<< 




(Top View) 



I ABSOLUTE MAXIMUM RATINGS ( ra=25°C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


v„ 


+ 0.5 to Vee 


V 


Output Current 


/... 


-30 


mA 


Storage Temperature 


T... 


-65 to +150 


X 


Storage Temperature 


r.„(Bias)* 


-55 to +125 


•c 



HM10480, HM10480F 

TV 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Vee — —5.2V, RlSOCI to -2.0V, Ta-0 to +75°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 




mm \U) 


typ 


max (A) 


Unit 


Output Voltage 


VoH 


VlH VlHA Or VlLB 


O'C 


— 1000 




—840 


mV 


+ 25°C 


— 960 




— 810 


+ 75 C 


—900 




— i£V 


Vol 


c 


— 1870 




— 1665 


-LOGY* 


— 1850 




1 CCA 


+ 75°C 


— 1830 




— 1625 




Vohc 


\ Vm Vihb or Vila 


0"C 


— 1020 






mV 


Output Threshold Voltage 


+ 25'C 


— 980 






+ 75'C 


— 920 






Volc 


O'C 






— 1645 


+ 25'C 






— 1630 


+ 75'C 







— 1605 


Input Voltage 


V,H 


Guaranteed Input Voltage 
High for All Inputs 


1 

0C 


— 1145 




—840 


mV 


+ 25"C 


-1105 




— 810 


+ 75*C 


— 1045 




— 720 


VlL 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


— 1870 




— 1490 


+ 25*C 


— 1850 




— 1475 


+ 75"C 


-1830 




-1450 


Input Current 


ItH 


VlH = VlHA 


to +75°C 






220 


M 


In 


cs 


Vw-Vils 


to +75"C 


0.5 




170 


Others 


-50 






Supply Current 




All Input and Output Open. 
Test Pin 10 


To- O'C 


- 170 


-140 




mA 


To-75'C 




-130 




• AC CHARACTERISTICS (Vee - -5.2V ±5%, Ta = to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


I ACS 




2 




10 


ns 


Chip Select Recovery Time 


tucs 


2 




10 


ns 


Address Access Time 


Iaa 


3 


15 


25 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 




t wsa = 5ns 


25 






ns 


Data Setup Time 


twSD 




5 






ns 


Data Hold Time 


t WHO 


5 






ns 


Address Setup Time 


iwSA 


f * = 25ns 


5 






ns 


Address Hold Time 


I WHA 




5 






ns 


Chip Select Setup Time 


Iwscs 


5 






ns 


Chip Select Hold Time 


twHCS 


5 




5 


ns 


Write Disable Time 


trs 






10 


ns 


Write Recovery Time 


twit 






10 


ns 
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HM10480, HM10480F 



3. RISE/FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 






2 




ns 


Output Fall Time 


tj 






2 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 






4 




pF 


Output Capacitance 








7 




pF 



■ TEST CIRCUIT AND WAVEFORMS 

I. LOADING CONDITION 

Test Circuit 

Pcc(CND) 



2. INPUT PULSE 

-0.9V 



0.01„F 





Rl ==. Ci 



-2.0V Ri=50a 

Ci=30pF(includes 
probe and jig 
capacitance) 



l.-l/-2.0iw 



3. READ MODE 



4. WRITE MODE 




OS 



3k 
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HM100415 



H Ml 0041 5,HM 1 0041 SCC 



1 024- word x 1 -bit Fully Decoded Random Access Memory 
The HM100415 is a 1024-word x 1-bit, read/write random access 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 
The HM100415 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This memory is encapsulated in cerdip-16pin 

PdCkdQ6. 



■ FEATURES 

• Level 100K ECL Compatible 

• Organization 1024-word by 1-bit 

• Address Access Time 10ns (max) 

• Chip Select Access Time 5ns (max.) 

• Power Consumption 0.6mW/bit (typ) 

• Output Obtainable by Wired-OR (open emitter) 

• Compatible with Fairchild F100415. 

■ TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 




HM100415CC 



(DG-16A) 





Notes) X : Irrelevant 

* : Read Out Noninvert 



I BLOCK DIAGRAM 



PIN ARRANGEMENT 
• HM100415 




I ABSOLUTE MAXIMUM RATINGS (Ta = 25"C 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vet to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


v.. 


+ 0.5 to Vee 


V 


Output Current 


/... 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Storage Temperature 


r.„(Bias)' 


-55 to +125 


•c 



(Top View) 



* Under Bias 
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NC Dout Ao 
(Top View) 



HM1 0041 5.HM1 0041 5CC 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Vee — —4.5V, Ri = 50Cl to -2.0V, Ta = to +85°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


Voh 


V,. - Viha or Vin 


-1025 


-955 


—880 


mV 


Vol 


-1810 


-1715 


— 1620 


mV 


Output Threshold Voltage 


Vohc 


V.n — ViHB or Vila 


— 1035 






mV 


Volc 






-1610 


mV 


Input Voltage 


VlH 


Guaranteed Input Voltage 
High/Low for All Inputs 


-1165 




-880 


mV 


VlL 


-1810 




-1475 


mV 


Input Current 


//» 


Vh-Vua 






220 


M 


In 


V..-V,LB 


CS 


0.5 




170 


M 


Others 


-50 






Supply Current 


Ui 


All Inputs and Outputs Open 


-200 


-150 




mA 


• AC CHARACTERISTICS (Vee 4.5V ±5%, Ta = to + 85*C, air flow exceeding 2ra/sec) 

1. READ MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 








3 




ns 


Chip Select Recovery Time 


lacs 








ns 


Address Access Time 


tAA 




7 


10 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


f .si -2ns 


6 


4 




ns 


Data Setup Time 


twSD 




2 







ns 


Data Hold Time 


twHD 


2 







ns 


Address Setup Time 


ItTSA 


tw~ 6ns 


2 







ns 


Address Hold Time 


t WHA 




2 







ns 


Chip Select Setup Time 


IwSCS 


2 







ns 


Chip Select Hold Time 


t WHCS 


2 







ns 


Write Disable Time 


Iws 




3 


5 


ns 


Write Recovery Time 


In 




3 


5 


ns 


3. RISE /FALL TIME 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


I, 






2 






Output Fall Time 


tl 




2 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


Cm 






3 




pF 


Output Capacitance 


c, 




5 




pF 
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■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 



2. INPUT PULSE 



21 



-0.9V 



M.U.T. 



r i 

O.Ol^F^: V„ -2.0V «'=502 

T. Ci =30pF( includes 




t, = l/ = 2.0ns lyp 



1 
I 



probe and jig 
capacitance) 



3. READ MODE 



\ / 











80* 

50% Dout 
Ir20% 



)€1 



t. WRITE MODE 




5( 



~lc^L / 




HITACHI 



H M 1 00422, H M 1 00422 F 
H M 1 00422CC 



256-word x 4-bit Fully Decoded Random Access Memory 
The HM 100422 is ECL 100K compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild's F 100422. 

■ FEATURES 

• 256-word x 4-bit organization 

• Fully compatible with 100K ECL level 

• Address access time: 10ns (max.) 

• Minimum write pulse width: 6ns (min.) 

• Low power dissipation: 0.8mW/bit 

• Output obtainable by wired-OR (open emitter) 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


Is 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


[ ' 


L 


Write "0" 


L 


L 


H 


L 


Write " 1 " 


L 


H 


X 


Dout' 


Read 



tes.I X : Irrelevant 

* '. Read Out Noninvert 

I BLOCK DIAGRAM 



? r f 



Y-Decn;ler/Driver 



3 





u 








Memory 


Cell Amy 






256 Wo 


rdsX4 Bits 




Block 1 


Block 2 


Block 3 


Block 4 


o 











R/W Circuit 


R/W Circuit 


R/W Circuit 


R/W Circuit 


A A A 


A A A 


A A A 


A A A 




li 3 i 


li s i 





HITACHI 



MM100422 




HM100422F 




(FG-24) 



HM100422CC 



(CC-24) 



I PIN ARRANGEMENT 
•HM1 00422 



Vcc. (T 
DOi [7 

5s? [7 

00. [7 

«sr(T 
u,rr 
»'E 

"if [T 

-E 

A. Ul 



3*. 
13 

mJhs. 

El ui * 

ii] ui. 
IT] *. 

is]*, 



(Top View) 

• HM100422F 

to In 




uuuuuu 

US. 00. let OOi 55 



(Top Vi.w) 

>HM100422CC 




HM1 00422.HM1 00422F.HM1 00422CC 



I ABSOLUTE MAXIMUM RATINGS (Ta = 25*C ) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


V,. 


+ 0.5 to Vee 


V 


Output Current 


I.., 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


X 


Storage Temperature 


T.„(Bias)* 


-55 to +125 

1 


•c 

1 



* Under Bi.s 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee = -4.5V, Rl-SOCI to -2.0V, Ta = to +85°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


Voh 


V,.-V,HA Or VlLB 


-1025 


-955 


-880 


roV 


Vo,. 


-1810 


-1715 


-1620 


mV 


Output Threshold Voltage 


VoHC 


V,„~ Vihb or Vila 


-1035 






mV 


VoLC 






-1610 


mV 


Input Voltage 


VlH 


Guaranteed Input Voltage 
High/Low for All Inputs 


-1165 




-880 


mV 


Vu 


-1810 




-1475 


mV 


Input Current 


h« 


V..-V,ba 






220 


M 


I,i 


V,.-V,l, 


BS 


0.5 




170 


M 


Others 


-50 






Supply Current 


Iee 


All Inputs and Outputs Open 


-200 


-165 




mA 


• AC CHARACTERISTICS(VE£ = -4.5V ±5%, Ta = to +85'C, air flow exceeding 2m/sec) 
1. READ MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Block Select Access Time 


tABS 









5 


ns 


Block Select Recovery Time 


I BBS 










5 


ns 


Address Access Time 




I AA 






7 


10 


ns 


2. WRITE MODE 




Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


Iwsa^ 2ns 


6 


4.5 




ns 


Data Setup Time 


tWSD 




2 







ns 


Data Hold Time 


tWHD 


2 







ns 


Address Setup Time 


twSA 


!«-6ns 


2 







ns 


Address Hold Time 


I WHA 




2 







ns 


Block Select Setup Time 


twSBS 


2 







ns 


Block Select Hold Time 


I WHBS 


2 







ns 


Write Disable Time 


tws 








4 


5 


ns 


Write Recovery Time 


tWR 




4.5 


9 


ns 


3. RISE /FALL TIME 




Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


1, 






2 




ns 


Output Fall Time 


i/ 




2 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 






4 




pF 


Output Capacitance 


Cm 


. 


7 






pF 
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■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

fcc(CND) 



HM1 



2. INPUT PULSE 

-0.9V 




-1.7V 




3. READ MODE 



Ri=S02 

Cl =30pF( includes 
probe and jig 
capacitance) 



,HM1 00422F.HM1 00422CC 



r — 

I 



t.-I/-2.0ns typ 



X f 

/I 50'*. I \ 

I ! ! Vl 







'' '" "| 

Doul J£ 



4. WRITE MODE 



Is sax* 


K "V 




Address 






/ 




llin 












W. 




~\ 




* /I/I"* 

— (*■ 1 — 

ir«M — 






Urn 






SO' 

— t*K 


I 



HITACHI 



H M 1 00470, H M 1 00470-1 5 



4096- word x 1 -bit Fully Decoded Random Access Memory 
The HM100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM100470 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-18pin 
swith Fairchild's F 100470. 



■ FEATURES 

• 4096-word x 1-bit organization 

• Full compatible with 100K ECL level 

• Address access time: HM100470 25ns(max) 

• HM100470-15 15ns(max) 

• Write pulse width: HM100470 25ns (min) 

HM100470-15 15ns (min) 

• Output obtainable by wired-OR (open emitter) 

■ TRUTH TABLE 




I PIN ARRANGEMENT 



Input 


Output 


Mode 


cs 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write " 1 " 


L 


H 


X 


Dout* 


Read 


Notes) X ! Irrelevant 









_ 



* : Read Out Nonivert 



I BLOCK DIAGRAM 





Y Address 
Decoder 

nun 



(Top View) 



I ABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vet to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


v.. 


+ 0.5 to Vie 


V 


Output Current 


I.., 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Storage Temperature 


r.„(Bias)' 


-55 to +125 


•c 



* Under Bits 



HM1 00470.HM1 00470-1 5 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Vee- -4.5V, fit-50n to -2.0V, Ta = to +85"C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


Vo» 


Vi. "Viha or VlLB 


-1025 


-955 


-880 


mV 


Vol 


-1810 


-1715 


-1620 


mV 


Output Threshold Voltage 


VOHC 


Vin — Vina or Viu 


-1035 


— 




mV 


Voic 


— 


— 


1610 


mV 


Input Voltage 


V,H 


Guaranteed Input Voltage 
High/Low for All Inputs 


-1165 




-880 


mV 


V,L 


-1810 




-1475 


mV 


Input Current 


//» 


V..-VIHA 






220 


M 


I,L 


V,.-V,LB 


CS 


0.5 




170 


M 


Others 


-50 






Supply Current 


Ice 


All Inputs and Outputs Open 


-200 


-165 




mA 


• AC CHARACTERISTICS (Vee = — 4.5V ±5%, Ta~0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 


Item 


Symbol 


Test Condition 


HM100470-15 


HM100470 


Unit 


min 


typ 


max 


min 


tJP 


max 


Chip Select Access Time 


t ACS 








8 






10 


ns 


Chip Select Recovery Time 


t RCS 








8 






10 


ns 


Address Access Time 


tA, 








15 






25 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


HM100470-15 


HM100470 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


t wsa =3ns 


15 






25 






ns 


Data Setup Time 


I WSD 




2 






2 






ns 


Data Hold Time 


t whb 


2 






2 






ns 


Address Setup Time 


I WSA 


tw— twmin 


3 






3 






ns 


Address Hold Time 


t WHA 




2 






2 






ns 


Chip Select Setup Time 


t WSCS 




2 






2 






ns 


Chip Select Hold Time 


I WHCS 




2 






2 






ns 


Write Disable Time 


I WS 








8 






10 


ns 


Write Recovery Time twit 






a in 
| 8 | | | 10 | ns 


3. RISE/FALL TIME 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 






2 




ns 


Output Fall Time 


1/ 




2 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


Cm 






3 




pF 


Output Capacitance 


C, 




5 




pF 
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HM1 00470.HM1 00470- 1 5 

■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 




4. WRITE MODE 



HM100474, HM100474-15 



H M 1 00474 9 H Ml 00474-1 5 
HM1 00474F,HM1 00474F-1 5 

1 024- word x 4-bit Fully Decoded Random Access Memory 
The HM100474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-24-pin and 
flat 24pin package, compatible with Fairchild's F 100474. 



■ FEATURES 

• 1 024-word x 4-bit organization 

• Fully compatible with 100K ECL level 

• Address access time: HM100474/F 25ns(max) 

HM100474/F-15 15ns(max) 

• Write pulse width: HM100474/F 25ns(min) 

HM100474/F-15 15ns(min) 

• Output obtainble by wired-OR (open emitter) 



Notes) X : Irrelevant 

* : Read Out Nonivert 

■ BLOCK DIAGRAM 



Y-Decoder/Driver 



At c 

As c 



WE c 

cs c 



u 


U 


u 


u 




Memory C 


•II Array 






1024Word 


x 4 Bits 




Block 1 


Block 2 


Block 3 


Block 4 


u it « u 


R/W 


R/W 


R/W 


R/W 


Circuit 


Circuit 


Circuit 


Circuit 


A i 


A A 


A A 


A A 


3 S 


a i 


a i 


a £ 



I ABSOLUTE MAXIMUM RATINGS (Ta = 25"C ) 



* Under Bias 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


Va 


+ 0.5 to Vee 


V 


Output Current 


/o«l 


-30 


mA 


Storage Temperature 


r.» 


-65 to +150 


•c 


Storage Temperature 


r..,(Bias)* 


-55 to +125 


•c 




HM100474F, HM100474F-15 




PIN ARRANGEMENT 
• HM100474.HM1 00474- 15 

24] DIi 




(Top View) 

• HM100474F, HM100474F-15 

Ai Ai At Va A f NC 

nnnnnn 




uuuuuu 

U0i DOi Vcc Vcci DOi DO. 

(Top View) 391 



HM1 00474, HM1 00474-1 5, HM1 00474F.HM1 00474F-1 5 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS(V ££ --4.5V, R L ~50n to -2.0V, 7V, -0 to +85-C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


minlB) 


typ 


max (A) 


Unit 


Output Voltage 


Voh 


V,. — Viha or VlLB 


-1025 


-955 


-880 


mV 


Vol 


-1810 


- 1715 


-1620 


mV 


Output Threshold Voltage 


VoHC 


V..-V,hb or Vila 


-1035 






mV 


VoLC 






-1610 


mV 


Input Voltage 


VlH 


Guaranteed Input Voltage 
High/Low for All Inputs 


-1165 




-880 


mV 


Vn 


-1810 




-1475 


mV 


Input Current 


in 


V..-V.BA 


~ 




220 


M 


IlL 


V„-V,li 


CS 


0.5 




170 


&1 


Others 


-50 






Supply Current 


III 


All Inputs and Outputs Open 


-200 


-165 




mA 


• AC CHARACTERISTICS(K £ £ = -4.5V ±5%, Ta = to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 


Ite. 


Symbol 


Test Condition 


HM100474/F-15 


HM100474/F 


Unit 


mi n 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


I ACS 








8 






10 


ns 


Chip Select Recovery Time 


t RCS 






8 






10 


ns 


Address Access Time 


t AA 






15 




15 


25 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


HM100474/F-15 


HM100474/F 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


/» 


iwsA — 3ns 


15 






25 


15 




ns 


Data Setup Time 


I WSD 




2 






2 






ns 


Data Hold Time 


t WHO 


2 






2 






ns 


Address Setup Time 


twSA 


t w = twmin 


3 






3 








ns 


Address Hold Time 


t WHA 




2 






2 






ns 


Chip Select Setup Time 


twscs 


2 






2 






ns 


Chip Select Hold Time 


t WHCS 


2 






2 






ns 


Write Disable Time 


t ws 






8 






10 


ns 


Write Recovery, Titne 


t WR 






8 






10 


ns 


3. RISE/FALL TIME 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


i. 






2 




ns 


Output Fall Time 


Ij 




2 




ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 








4 




pF 


Output Capacitance 


C... 






7 




Pi'' 
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HM1 00474, HM1 00474-1 5, HM1 00474F.HM1 00474F- 15 
■ TEST CIRCUIT AND WAVEFORMS 



1. LOADING CONDITION 

Test Circuit 

Q Vcc(GUD) 





Doui 


M.U.T. 








M 



Vic 



-2.0V Ki=502 

Ct=30pF(includes 
probe and jig 
capacitance) 



3. READ MODE 



50% 
tscs 



2. INPUT PULSE 

-0.9V 




(. = t/=2.5ns 



4. WRITE MODE 



cs so* 



50% 50% 



50% 1L 



o°yf 



HM100474.HM1 00474-1 5, HM100474F.HM100474F-1 5 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 




20 40 60 80 

Ambient Temperature Ta CO 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 







































































7Vi=25'C 





-4.95 -4.50 -4.05 

Supply Voltage Vee (V) 



ADDRESS ACCESS TIME 
vs. AMBIENT 



























































= -4.50V 

















ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 



20 20 40 60 SO 100 

Ambient Temperature Ta CO 

CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 



Address Access Time Iaa (ns) 


























































Ta = 25*C 




5 










1 















-4.95 -450 -4.05 

Supply Voltage Vee (V) 



CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 



























































■-4.50V 

















S 10 







































































7o = 25"C 

















Ambient Temperature Ta CO 



-4.95 -4.50 -4.05 

Supply Voltage Vee (V) 
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H M1 00474, HM1 00474-1 5, HM1 00474F,HM1 00474F- 1 5 



WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 



























































Vt£=- 


.50V 















Ambient Temperature Ta (*C) 



WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 



I io 

























































T 


i = 25'C 

















-4.95 -4.50 -4.05 

Supply Voltage Vee (V) 




HITACHI 



HM100480, HM100480F 

16, 384- words < 1 -bit Fully Decoded Random Access Memory 

The HM 100480 is ECL 100K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 
The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM100480 is encapsulated in cerdip-20 pin and flat-20 pin 
package, compatible with Fairchild's 100480. 



■FEATURES 

• 16,384-words x 1 -bit organization 

• Fully compatible with 100K ECL level 

• Address access time: 25ns (max) 

• Write pulse width: 25ns (min) 

• Low power dissipation: 0.05mW/bit 

• Output obtainable by wired-OR (open emitter) 



ITRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Note.) X : i 

* : Read Out Noninvert 

■ BLOCK DIAGRAM 




HM100480 














(DG-20) 


HM100480F 






(FG-20) 



I PIN ARRANGEMENT 



A A A A A A A 

< < < -e i I I 





Doui [j_ 






A. [7 


j7| Din 




Ai [7 


"is~| CS 




Ai |V 


17] WE 




Al [7 


ji] An 


Dout 


At [7 


ji] a,i 




As [7 


17] An 


CS 


A. (T 


H] A,. 


WE 


Ai [7 


1J] A, 


Dm 




Jj] A, 



(Top View) 



■ ABSOLUTE MAXIMUM RATINGS ( r a -25 C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


V m to V cc 


+0.5 to -7.0 


V 


Input Voltage 


V,. 


+ 0.5 to V a 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


T,„ 


-65 to +150 


*c 


Storage Temperature 


r.„(Bias)' 


-55 to +125 


•c 



* Under Bias 
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HM100480, HM100480F 

■ ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vie to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


v„ 


+ 0.5 to V lc 


V 


Output Current 


/„, 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Storage Temperature 


T.„(Bias)' 


-55 to +125 


•c 



* Under Bias 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS^- -4.5V, RlSOCI to -2.0V, To=0 to +85'C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max(A) 


Unit 


Output Voltage 


Vo» 


Vt,= V,ha or Vilb 


-1025 


-955 


-880 


mV 


Vol 


-1810 


-1715 


-1620 


mV 


Output Threshold Voltage 


vw 


Vi, Vihb or V, L , 


-1035 






mV 


Volc 






-1610 


mV 


Input Voltage 


V,„ 


Guaranteed Input Voltage 
High/Low for All Input 


1165 




-880 


mV 


Vu 


-1810 




-1475 


mV 


Input Current 


/;« 


V..-V,. A 






220 


M 


1,1 


V..- Vu. 


CS 


0.5 




170 


M 


Others 


-50 






Supply Current 


he 


All Inputs and Outputs Open 


-200 


-165 




mA 


• AC CHARACTERISTICS (Ve £ - 4.5V±5%, Ta-0 to +85"C, air flow exceeding 2m/sec) 

1. READ MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


<4C5 




2 




10 


ns 


Chip Select Recovery Time 


flea 


2 




10 


ns 


Address Access Time 


1*4 


3 




25 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


/ws* = 5ns 


25 






ns 


Data Setup Time 


twSD 




5 






ns 


Data Hold Time 




5 






ns 


Address Setup Time 


twSA 


tw~ tw min 


5 






ns 


Address Hold Time 


Iwha 




5 






ns 


Chip Select Setup Time 


twscs 


5 






ns 


Chip Select Hold Time 


twHCS 






5 


ns 


Write Disable Time 


tws 






10 


ns 


Write Recovery Time 


Iw, 






10 


ns 



HITACHI 
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HM100480, HM100480F- 

3. RISE /FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 




— 


2 


— 


ns 


Output Fall Time 


I J 




— 


2 


— 


ns 


4. CAPACITANCE 














Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 






3 




pF 


Output Capacitance 








5 




pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

O Vcc(CND) 



2. INPUT PULSE 



-0.9 V - 



















Dout 




M.U.T. 















r 2o:«, 



O.Ol^F 



1 



Ri=50Q 

Ct=30pF(incliides 
probe and jig 
capacitance) 



3. READ MODE 



, 



4. WRITE MODE 



Dout 



3£ 



X 
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HITACHI 



HM2504, HM2504-1 



256-word x 1 -bit Fully Decoded Random Access Memory 
The HM2504 Series item is a TTL compatible, 256-word x 1-bit, 
read/write random access memory developed for application to 
buffer memories, control memories, high-speed main memories, etc. 
This is a fully decoded, read/write random access memory perfectly 
compatible with the TTL logic family, designed as an open collector 
output type for simplicity of expansion. 

• Level TTL compatible 

• Construction 256-word x 1 bit 

• Read access time HM2504: 55ns (max) 

HM2504-1: 45ns (max.) 

• Chip select access time 30ns (max.) 

• Power consumption 1 .8mW/bit (typ) 








I PIN ARRANGEMENT 



■ TRUTH 


TABLE 








Inputs 


Output 

Open 

Collector 


Mode 


cs 


WE 


Din 


any one H 


X 


X 


H 


Not Selected 


all L 


L 


L 


H 


Write "0" 


all L 


L 


H 


H 


Write " 1 " 


all L 


H 


X 


Dout' 


Read 



Notes) x : Don't care 

* '■ Read out inverted 

■ BLOCK DIAGRAM 



AiO — 




TTTT 

At Aj M At 

I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


HM2504. HM2504-1 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


V 


Input Voltage 


V„ 


-0.5 to +5.5 


V 


Input Current 


I.. 


-12 to +5.0 


mA 


Output Voltage (Output High) 


V... 


-0.5 to +5.5 


V 


Output Voltage (DC Output Low) 


I... 


+ 20 


mA 


Storage Temperature 


T... 


-65 to +150 


•c 


Storage Temperature 


IW(Bias)* 


-55 to +125 


•c 







li] Vcc 






~is] A, 


cs, [T 






cs, [T 




Tj] Din 


cs, QT 




771 we 


Dout 










ljT] A. 


CNU [jT 




3 A, 



(Top View) 



* Under Bias 
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HM2504, HM2504-1 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc = 5.0V ±5%, Ta-0 to +75*C, air flow exceeding 2m/sec) 



Item 


Sum nn l 


Tpci Condition 


HM2504 Series 


Unit 


min 


typ 


max 


Output Voltage 


Vol 


Vcc-4.75V, /o,.-16mA 


— 


0.3 


0.45 


V 


Input Voltage 


V,H 


Guaranteed Input Voltage High 


2.0 


1.6 




V 


VlL 


Guaranteed Input Voltage Low 




1.5 


0.85 


V 




Input Current 


Iw 


Vcc-5.25V, V.. -4.5V 







20 


M 


llL 


Vcc-5.25V, V..-0 




-530 


-800 


M 


Output Leakage Current 


IcEX 


Vcc-5.25V, V...-4.5V 







50 


pk 


Input Clamp Voltage 


Vi 


Vcc-5.25V, /..--10mA 




-1.0 


-1.5 


V 


Supply Current 


Ice 


Vcc-5.25V 
All input GND 


0< Ta< 25'C 






135 


mA 








130 


mA 



• AC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Ta-Q to +75*C, air flow exceeding 2m/s, see test circuit and waveforms) 

1. READ MODE 



Item 


Symbol 


Test Condition 


HM2504 


HM2504-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


|«) 






12 


30 




12 


30 


ns 


Chip Select Recovery Time 


lues 




18 


25 




18 


25 


ns 


Address Access Time 


Iaa 




35 


55 




30 


45 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


HM2504 


HM2504-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


iw 


Iwsa— 0ns 


30 


8 




30 


8 




ns 


Data Setup Time 


twSD 




















ns 


Data Hold Time 


t WHO 


5 







5 







ns 


Address Setup Time 


tW5A 


f»-30ns 


















ns 


Address Hold Time 


tWHA 




5 







5 







ns 


Chip Select Setup Time 


twscs 


















ns 


Chip Select Hold Time 


tWHCS 


5 







5 







ns 


Write Disable Time 


tws 




14 


35 




14 


35 


ns 


Write Recovery Time 


IWR 




12 


40 




12 


40 


ns 


3. CAPACITANCE 


Item 


Symbol 


Test Condition 


HM2504 


HM2504-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Input Capacitance 


C. 






3 


5 




3 


5 


P F 


Output Capacitance 


C, 




6 


8 




6 


8 


oF 
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<f§> HITACHI 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Vcc 



Vrc 
O 



2. INPUT PULSE 



16 

HM2504 
or 

HM2504-1 




3.5Vp.p 

ov 



6002 r 

> I W 

> d=30f¥ 



Note:Ct includes jig and stray capacitance 



HM2504, HM2504-1 



A 



90% 



10% 



3. READ MODE 



ACS 1 H W* 



A. 

Address 



A 







X 



(All time measurements refer to 1.5V) 



4. WRITE MODE 



cs 



A.-A, 
Addren 



Din 



WE 



■I wscs- 



— ' — y 



(All time 



\ 



— I »«- 
refer to l.SV) 
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HM2504, HM2504-1 



INPUT CHARACTERISTICS 



1 -0.5 



-2.5 



Ta= 100'C 
25 
-30 



r = ioox 



I 



-2 2 4 6 8 10 

Input Volt.ge V,. (V) 



OUTPUT CHARACTERISTICS 









1 






















Iff- T 


i = lOci'C 










L. " 










1 










/ 






Outpi 


t Low 


-eve] 



0.1 0.2 0.3 0.4 0.5 0.6 
Ootpul Volt.ge V.., (V) 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 





















































= 5.25V 










All 


jipul Lo 


* Level 









































-20 20 40 60 80 100 

Ambient Temperature Ta ('Ci 




















HM2 


504 ■ — 










HM250. 


1 











































SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



Ambient Temperature Ta (*C) 



12 3 4 

Supply Volt.ge Vcc (V) 
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HM2510, HM2510-1, 
HM2510-2 

1024-wordxl-bit Fully Decoded Random Access Memory 
The HM2510 Series item is a 1024-word x 1-bit read/write random 
access memory developed for application to buffer memories, 
control memories, high-speed main memories, etc. It is a fully 
decoded, read write, random access memory perfectly compatible 
with TTL logic families, designed as an open collector output type 
for simplcity of expansion. 

• Level TTL compatible 

• Construction 1024-word x 1 bit 

• Read access time HM2510: 70ns (max.) 

HM2510-1: 45ns (max) 
HM2510-2: 35ns (max.) 

• Chip select access time HM2510: 40ns (max.) 

HM2510-1: 30ns (max.) 
HM2510-2: 25ns (max.) 

• Power consumption 0.5mW/bit 

• Output Open collector 



I TRUTH TABLE 







Inputs 


Output 


Mode 


(Ts 


WE 


Din 


H 


X 


X 


H 


Not Selected 


L 


L 


L 


H 


Write "0" 


L 


L 


H 


H 


Write " 1 " 


L 


H 


X 


Dout* 


Read 




PIN ARRANGEMENT 




CND 



Notes) x : Don't care 

* : Read out non-inverted 



(Top View) 



IBLOCK DIAGRAM 




TTTTT 

As At A) A» A» 
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HM2510, HM2510-1, HM2510-2- 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


HM2510 Series 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


V 


Input Voltage 


v.. 


-0.5 to +5.5 


V 


Input Current 


It. 


-12 to +5.0 


mA 


Output Voltage (Output High) 




-0.5 to -5.5 


V 


Output Voltage (DC Output Low) 


I.., 


4 20 


mA 


Storage Temperature 


T... 


-65 to +150 


•c 


Storage Temperature 


r.„iBiasi* 


-55 to +125 


•c 



* Under Bias 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc - 5.0V ±5%, Ta = to +75'C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


HM2510 Series 


Unit 


min 


typ 


max 


Output Voltage 


Vol 


Vcc-4.75V, / ot -16mA 




0.3 


0.45 


V 


Input Voltage 


V,» 


Guaranteed Input Voltage High 


2.1 


1.6 




V 


Vn 


Guaranteed Input Voltage Low 




1.5 


0.80 


V 


. 

Input Current 


//HI 


Vcc-5.25V, V.. -4.5V 







40 


M 


llHl 


Vcc-5.25V, V..-5.25V 







1.0 


mA 


I,L 


Vcc-5.25V, V.. -0.4V 




-250 


-400 


M 


Output Leakage Current 


ICEX 


Vcc-5.25V, V...-4.5V 







100 


M 


Input Clamp Voltage 


V, 


VV.-5.2SV. /.." -10mA 




-1.1 


-1.5 


V 




Ice 


V C c-5.25V 
All input GND 


0<ro<25*C 






155 


mA 


Supply Current 


7a225'C 




95 


130 


mA 



• AC CHARACTERISTICS (Vcc-5.0V +5%, 77,-0 to +75"C, air flow exceeding 2m/sec) 
1. READ MODE 



Item 


Symbol 


Test Condition 


HM2510 


HM2510- 


1 


HM2510-2 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


Iacs 






15 


40 






30 




15 


25 


ns 


Chip Select Recovery Time 


t ACS 






25 


40 






30 




17 


25 


ns 


Address Access Time 


lAA 






40 


70 




35 


45 




25 


35 


ns 


2. WRITE MODE 


























Item 


Symbol 


Test Condition 


HM2510 


HM2510 


1 


HM2510-2 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


twsA— min 


50 


10 




35 


10 




25 


10 




ns 


Data Setup Time 


tWSD 




5 







5 






5 







ns 


Data Hold Time 


I WHO 




5 







5 






5 







ns 


Address Setup Time 


IWSA 


tw — min 


15 







5 






5 







ns 


Address Hold Time 


tWHA 




5 







5 






5 







ns 


Chip Select Setup Time 


twscs 




5 







5 






5 







ns 


Chip Select Hold Time 


twHCS 




5 







5 






5 







ns 


Write Disable Time 


t ws 






20 


40 




20 


35 




15 


25 


ns 


Write Recovery Time 


tw. 






30 


55 




30 


45 




15 


25 


ns 
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HM2510, HM2510-1, HM2510-2 



3. CAPACITANCE 



Item 


Symbol 


Test Condition 


HM2510 Series 


Unit 


min 


typ 


max 


Input Capacitance 


C. 






3 


5 


pF 


Output Capacitance 


C, 






6 


8 


pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 




2. INPUT PULSE 




3.5Vp.p 
ov -"- 



10ns 



-90% 



-10% 



10ns 



3. READ MODE 



-I u s 



A.-A, 
Address 



(All time t 



V 
A 



- to 1.5V) 



I 



4. WRITE MODE 



A.-A, 
ADDRESS 



WE 



X 



/ 



X 



X 



-«» — 1/ 

/ ' *WHA 



X 



(All tin 



405 



HM2510, HM2510-1, HM2510-2 



INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS 




SUPPLY CURRENT vs. ADDRESS ACCESS TIME vs. 

AMBIENT TEMPERATURE AMBIENT TEMPERATURE 

120 i 1 1 1 1 1 1 «"( 1 1 1 1 




-20 20 40 60 80 100 



Ambient Temperature Ta (*C) 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 




12 3 4 5 



Supply Volt.ge Vcc (V) 




HM2511,HM2511-1 



1024-wordxl-bit Fully Decoded Random Access Memory 
The HM2511 Series item is a 1024-word x 1-bit read/write random 
access memory with three-state output developed for application to 
buffer memories, control memories, high-speed main memories, etc. 
It is a fully decoded, read/write, random access memory perfectly 
compatible with TTL logic families. 

• Level TTL compatible 

• Construction 1024-word x 1 bit 

• Read access time HM2511: 70ns (max) 

HM2511-1: 45ns (max) 

• Chip select access time HM2511: 40ns (max) 

HM2511-1: 30ns (max) 

• Power consumption 0.5mW/bit 

• Output three-state 








I PIN ARRANGEMENT 



I TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


High Z 


Not Selected 


L 


L 


L 


High Z 


Write "0" 


L 


L 


H 


High Z 


Write "1" 


L 


H 


X 


Dout* 


Read 



Notes) X : Don't care 

* .' Read out noni river ted 

■ BLOCK DIAGRAM 



cs [7 


77] vcc 


A. \T 


77J Din 


A, (T 


77] we 


A, [T 


77] A, 


A, [T 


77] a. 


A. [7f 


77] a, 


Dout 


ToJ A. 


GND [T 


T] A, 



Decide i 



nrn 



=XZh 



(Top View) 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


HM2511 Series 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


V 


Input Voltage 


v.. 


-0.5 to +5.5 


V 


Input Current 


h. 


-12 to +5.0 


mA 


Output Voltage (Output High) 


V... 


— 0.5 to +5.5 


V 


Output Voltage (DC Output Low) 


u, 


+ 20 


mA 


Storage Temperature 




-65 to +150 


•c 


Storage Temperature 


r,i,(Bias)* 


-55 to +125 


°c 



407 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc = 5.0V +5%, 7a-0 to +75"C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


HM2511 Series 


Unit 


min 


typ 


max 


Output Low Voltage 


Vol 


Vcc-4.75V, / 01 .-16mA 


— 


0.3 


0.45 


V 


Input Voltage 


Vn 


Guaranteed Input Voltage High 


2.1 


1.6 


— 


V 


V,L 


Guaranteed Input Voltage Low 


— 


1.5 


0.8 


V 


Input Current 


IlH 1 


Vcc-5.25V, V..-4.5V 


— 





40 


M 


I in I 


Vcc-5.25V, V..-5.25V 


— 





1.0 


mA 


III 


Vcc-5.25V, V..-0.4V 


— 


-250 


-400 


M 


Output Current (High Z) 


Iorr i 


Vcc -5. 25V, V...-2.4V 






50 


M 


Ioff I 


Vcc- 5. 25V, V...-0.5V 






-50 


MA 


Output Current Short Circuit (o Ground 


Jos 


Vcc- 5. 25 V, 






-100 


mA 


Output High Voltage 


Von 


/„„- -10.3mA, Vcc-5.0V ±5% 


2.4 






V 


Input Clamp Voltage 


Vi 


Vcc-5.25V, /..--10mA 




-1.0 


-1.5 


V 


Supply Current 


Ice 


Vcc-5.25V 
All input GND 


0STo<25'C 






155 


mA 


Toa25"C 




95 


130 


mA 



• AC CHARACTERISTICS (Vcc = 5.0V ±5%, Ta-0 to +75*C, air flow exceeding 2m/sec) 
1. READ MODE 



Item 




Test Condition 


HM2511 


HM2511-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


tACS 






15 


40 






30 


ns 


Chip Select to High Z 


tZRCS 




20 


40 






30 


ns 


Address Access Time 


t AA 




40 


70 




35 


45 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


HM2511 


HM2511-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Wrjte Pulse Width 


tw 


twsA — min 


50 


25 




35 


10 




ns 


Data Setup Time 


twSD 




5 







5 






ns 


Data Hold Time 


tWHD 


5 







5 






ns 


Address Setup Time 


tWSA 


tw — min 


15 







5 






ns 


Address Hold Time 


tWMA 




5 







5 






ns 


Chip Select Setup Time 


twscs 


5 







5 






ns 


Chip Select Hold Time 


twHCS 


5 







5 






ns 


Write Disable to High Z 


tzws 




20 


40 




20 


35 


ns 


Write Recovery Time 


tWM 




42 


55 




30 


45 


ns 



3. CAPACITANCE 



Item 


Symbol 


Test Condition 


HM2511 Series 


Unit 


min 


typ 


max 


Input Capacitance 


C. 






3 


5 


pF 


Output Capacitance 


C, 






9 


11 






HM2511, HM2511-1 



I TEST CIRCUIT AND WAVEFORMS 



1. LOADING CONDITION 

Vcr 

fsooa 



HM251 



Pom T 



Dout 



2. INPUT PULSE 



3.5Vpp 
0V- 



3. READ MODE 



Dout H,CH Z 
Lo.d A 



Doui 

Load B HIGH Z 



Ao-A» 
.Address 



X 



X 



- UA hI 



iAll time measurements refer to 1.5V) 



4. WRITE MODE 



X 



X 



Lo.d A 

Lo.d B 
I All lime 



5. WRITE ENABLE TO HIGH Z DELAY 



HM2511 


Doui 


^5002 





H,,h Z 



Hi|h_Z_ J " 



WE 



U-lws— 



f 



/ High Z 

D< "" -0 L»el -) (■ ynsy 



T Le»»l 



_>0.5V 

V — St* 



6. PROPAGATION DELAY FROM 
CHIP SELECT TO HIGH Z 





j— 11 


ICS—" 




-o" 


Ltvtl 




— > 


"1" 


L,» t l 









(All (un parameters are i 
at a delta of 0.5V from the logic level 
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BIPOLAR PROM 



HITACHI 



■ PROGRAMMING INFORMATION 

Hitachi's sophisticated Fine Emitter technology and programming 
pulse method enables higher programmability and faster program- 
ming time ordinary PROMs, for the highest reliability. 
Fast programming time of typically 7.5us/bit is achieved with a fine 
emitter cell which requires less programming energy; thus, negligible 
thermal stress. Further, Hitachi advanced technology allows very 
high programmability. 

To assure that the element is programmed properly an additional 
four programming pulses are applied immediately after a sense pulse 
indicates conduction in the programmed (one programming pulse: 
Series) bit. This high reliability feature virtually eliminates aluminum 
migration in the programmed cell. 

One extra row and one extra column of test cells, plus additional 
circuitry built into the PROM chip, allow improved factory testing 
of DC, AC and programming characteristics. These test cells and test 
circuitry provide enhanced correlation between programmed and 
unprogrammed circuits in order to guarantee high programmability 
and eliability. 

PROGRAMMED CELL (CROSS SECTION) 



Aluminum 




N(Emitter) 



The device is manufactured with outputs low (positive logic "zero") 
in all storage cells. To make an output high at a particular cell, a 
junction must be changed from a blocking state to a conducting 
state. This procedure is called programming. 

A logic "one" can be permanently programmed into a selected bit 
location. The desired bit for programming is selected using ten 
address inputs to turn on transistors Q1 and Q2. By taking either (or 
both) chip enable inputs high, the chip is disabled and transistor Q3 
is held off. Then, a train of programming pulses applied to the 
desired output flows through the junction into transistor 0.1. This 
programming current changes the junction to the conducting state. 
The pulse train is stopped as soon as the sensed voltage indicates that 
the selected bit is in the logic in state. 

An additional 4 programming pulses (1 programming pulse: S-series) 
are required to ensure that the bit is fully programmed, and to 
achieve high reliability. One output must be programmed at a time, 
since the internal decording circuit is capable of sinking only one 
unit of programming current at time. 

INTERNAL PROGRAMMING CIRCUIT 




412 



HITACHI 



■ HITACHI PROMS AND PROGRAMMING CURRENT 



Memory Size 


Organization 


Output 


N- Series 


S-Series 


4k 


lkX4 


o.c. 


HN25044 (50ns max) 




3 S 


HN25045 (50ns max) 


— 


8k 


2k x 4 


O.C. 


HN25084 (60ns max) 


HN25084S(50ns max) 


3 S 


HN25085 (60ns max) 


HN25085S(50ns max) 


lkx8 


O.C. 


HN25088 ( 60ns max) 
HN25088L( 100ns max) 


HN25088S(50ns max) 


3 S 


HN25089 (60ns max) 
HN25089L( 100ns max) 


HN25089S(50ns max) 


16k 


2kx8 


O.C. 




HN25168S(60ns max) 


3 S 




HN25169S(60ns max) 


Programming Current 


130mA(typ) 


90mA(typ) 



Note) O.C. : Open Collector Output 
3 S : Three State Output 



Hitachi's PROM has two families in accordance with the program 
specifications. They are usually discriminated by the suffix of the 
model name. For the S-series PROM, the production technique 
established for the N-series PROM is further improved to attain very 
small memory cell area and chip area as well as high performance. 



<§> HITACHI 



HN25044, HN25045 



1024-wordx4-bit Programmable Read Only Memory 
The HITACHI HN25044 and HN25045 are high speed electrically 
programmable, fully decoded TTL Bipolar 4096 bit read only 
memories organized at 1024 words by 4 bits with on-chip address 
decoding and two chip enable inputs. The HN25044 and HN25045 
are fabricated with logic level "zeros" (low); logic level "ones" 
(high) can be electrically programmed in the selected bit locations. 
The same address inputs are used for both programming and reading. 



■ FEATURES 

• 1024 words x 4 bits organization (fully decoded) 

• TTL Compatible inputs and outputs 

• Fast read access time; 30 ns typ. (50 ns max.) 

• Medium power consumption; 500 mW typ. 

• Two Chip enable inputs for memory expansion 

• Open collector outputs (HN25044)/Three-state outputs 
(HN25045) 




Standard cerdip 18-pin package 
I BLOCK DIAGRAM 



I PIN ARRANGEMENT 



(096 Bit 
(64X64! 



Cell 
Amy 



Multiple: 



Muhiplexe 

mnE 



— Output Buffer 



Output Buffer 



Output Buffer 



Word Decoder 
Address Buffer 



TTTTTT 

Ao Ai At A] At As 



Output Buffer 



Address 
Buffer 

TTTT 

A. At Ai Ai 



Chip f 



CEi CEi 




(Top View 



I ABSOLUTE MAXIMUM RATINGS (Ta = 25°C ) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


V 


Input Voltage 


v.. 


-0.5 to +5.5 


V 


Output Voltage 


V... 


-0.5 to +5.5 


V 


Output Current 


I~. 


50 


mA 


Operating Temperature 


T„. 


-25 to +75 


•c 


Storage Temperature 


T... 


-65 to +150 


•c 



414 
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IDC CHARACTERISTICS (Vcc = 4.75 to 5.25V, To = to +75'C) 



Item 


Symbol 


Test Condition 


HN25044 


HN 25045 


Unit 


min 


typ 


max 


min 


typ 


max 


Input Voltage 


vs 




2.0 


— 


— 


2.0 






V 


VlL 








0.8 






0.8 


V 


Output Voltage 


VOH 


Ion 2mA 








2.4 






V 


Vol 


Iol =16mA 






0.45 






0.45 


V 




Input Current 


I IH 


V;»-2.7V 






40 






40 


*A 


III 


Vii.-0.4V 




~ 


-0.4 


~ 




-0.4 


mA 


Output Leakage Current 


loLK 


V...-5.5V 






100 






100 


M 


V...-0.4V 






40 






40 


Input Clamp Voltage 


Vl 


/,. 18mA 






-1.2 






-1.2 


V 


Power Supply Current 


Ice 


Input Either Open or at Ground 




100 


130 




100 


130 


mA 


Output Short-circuit Current 


IoS 


V...-0V 








15 


30 


60 


mA 


Input Capacitance 


c. 


V..-2V, Vcc-OV 




5 


10 




5 


10 


pF 


Output Capacitance 


c, 


V...-0V, Vcc-OV 




7 


12 




7 


12 


pF 



I AC CHARACTERISTICS (Vcc — 4.75 to 5.25V, Ta-0 to 75"C) 



Notes: 



Item 


Symbol 


min 


typ 


max 


Unit 


Address Access Time 


lAA 




35 


50 


ns 


Chip Enable Access Time 


I ACE 




20 


30 


ns 


Chip Enable Disable Time 


t DC £ 




20 


30 


ns 



I SWITCHING WAVEFORMS 



1- Typ. value is at Kct^ 5 - v and 
T a = 25° C 

2. Output disable time is the time 
t?ken for the output to reach a 
high resistance state when either 
chip enable is taken high. Out- 
put enable time is the time 
taken for the output to become 
active when both chip enables 
are taken low. The high resist- 
ance state is defined as a point 
on the output waveform equal 
to a of 0.5 V from the 
active output level. 



Address 
Input 



Output 



Output 



-J 


-1.5V 




— t-M — 

/ 







1.5V 



r 



Chip Enable S 
Input 



Output 



Output 




I SWITCHING TIME TEST CONDITIONS 



T 



SWITCHING 


HN25044 


HN 25045 


PARAMETER 






Cl 


Ri 


R, 


Cl 


t AA 


30on 


6oon 


30pF 


30on 


60on 


30pF 


t ACE " 1 " 








CO 


60on 


lOpF 


l,CB "0" 


30on 


60on 


lOpF 


30on 


60on 


lOpF 


tocc "1" 








oo 


6oon 


30pF 


IDCC "0" 


3oon 


60on 


30pF 


3oon 


60on 


30pF 



INPUT CONDITIONS 
Amplitude -0V lo 3V 
Rise end Fill time - 5ns Iron IV to 2V 
Frequency - 1MHz 



HITACHI 



HN25044, HN25045 



I PROGRAMMING SPECIFICATION 



Characteristic 


Limit 


Unit 


Notes 




25±5 


"C 




Programming Pulse 
Amplitude 
Clamp Voltage 
Ramp Rate 
Pulse Width 
Duty Cycle 


130±5% 
20 + 0%— 2% 
70 max 
7.5±5% 
70% min 


mA 

V 

V/>s 


10V point/150n load 


Sense Current 
Amplitude 
Clamp Voltage 
Ramp Rate 

Sense current interruption before and after address change 


20±0.5 
20 + 0% -2% 
70max 
lOmin 


mA 

V 

y/fits 

ftS 


1AV nnint/l^nfl 


Programming Vcc 


C (\4-K0A — f\0/- 


v 




Maximum Sensed Voltage for programmed "1" 


7.5±0.1 


V 




Delay from trailing edge of programming pulse before sensing 
output voltage 


0.7min 


MS 




Programming Time Allocation/Bit 


lOOmax 


ms 




Additional Programming Pulse Number 


4 


Time 





I TYPICAL WAVEFORMS 



Ac 

I 

A,. 







xz 




—Vi — 




HN25044, HN25045 



OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 



I TYPICAL DC CHARACTERISTICS 

INPUT CURRENT vs. 
INPUT VOLTAGE 




i 

5.0V 

T— 



o 1 

Input Voll.ge Vi» (V) 

OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 
(HN25045) 



6 -40 



-50 































V Wcc=4.5V 

^ s.ov 

\ 1 








5. 

















12 3 4 5 

Output High Voltage Von (V) 

I TYPICAL AC CHARACTERISTICS 

ACCESS TIME vs. 
AMBIENT TEMPERATURE 
(HN25044) 





Output Low Voltage Vol (mV) 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 
(HN25045) 















Vcc = 
/ 5.0V 

f~ 


4.5V 
















\ 


\ 5.5V 





























Ambient Temperature Ta (*C) 



# HITACHI 



Ambient Temperature Ta {'C) 
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DISABLE TIME vs. 
AMBIENT TEMPERATURE 
(HN25044) 



















Vcc=4.SV 


— ^ 


















,\.ov 
\.sv 












HN2S044 



ml Tamper.! 

ENABLE TIME vs. 
AMBIENT TEMPERATURE 
(HN25044) 




DELAY TIME INCREASE vs. 
LOAD CAPACITANCE 
(HN25044) 



DISABLE TIME vs. 
AMBIENT TEMPERATURE 
(HN2S045) 



i 

s 



SU, +,0 ° 





























Vcc«4.SV 


















5.0V 












HN25045 



+ 50 

!nl Tempenture 7a <t) 



ENABLE TIME vs. 
AMBIENT TEMPERATURE 
(HN25045) 



























Vcc=t 
\ 


5V 


















A 


5.0V 










m 1 

1 



-25 +50 +100 

Ambient Temperature 7o (*C) 



DELAY TIME INCREASE vs. 
LOAD CAPACITANCE 
(HN2S045) 




HN25084, HN25085 







2048- word x 4-bit Programmable Read Only Memories 
The HITACHI HN25084 and HN25085 are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit read only 
memories organized as 2048 word by 4 bit with on-chip address 
decoding and one chip enable input. The HN25084 and HN25085 
are fabricated with logic level "zeros" (low); logic level "ones" 
(high) can be electrically programmed in the selected bit locations. 
The same address inputs are used for both programming and reading. 



■ FEATURES 

• 2048 word x 4 bit organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 40 ns typ. (60 ns max) 

• Medium power consumption: 550 mW typ. 

• One chip enable input for memory expansion 

• Open collector outputs (HN25084)/Three-state outputs 
(HN25085) 

• Standard cerdip 18-pin dual in-line package 

■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CTT to a logic "one". Then a train of high 
current programming pulses is applied to the desired output. After 
the sensed voltage indicates that the selected bit is in the logic "one" 
state, an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CT to a logic 
"zero". The outputs then correspond to the data programmed in the 
selected word. 




I PIN ARRANGEMENT 




(Top View) 



ILOGIC DIAGRAM 



A.c 
AiC 
AiC 
A.C 
A.C 



AiC 
A.C 
A,c 







o 




o 


Address 


O 1 


Buffer 






tO- 1 





1 : 128 

Decode 



Chip 
Enable 



1 : 16 
Multiplexer 



Output 
Buffer 



8192 Bit 
(128X6(1 

Memory Cell Arruy 



1 : 16 
lullipltxer 



1 : 16 

Multiplexer 



Output 
Buffer 



Output 
Buffer 



1 : 16 
Multiplexer 



Output 
Buffer 



TTTT 

0k Oi 0i & 
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HN25084, HN25085 

■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


V 


Input Voltage 


Vi, 


-0.5 to +5.5 


V 


Output Voltage 


V.., 


-0.5 to +5.5 


V 




Output Current 


I.., 




50 


mA 


Operating Temperature 


T.„ 


-25 to +75 


°C 


Storage Temperature 


T.„ 


-65 to +150 


*C 



■ DC CHARACTERISTICS (Vcc = 4. 75 to 5.25V, Ta-0 to 75'C) 



Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input High Voltage 


V,H 




2.0 






V 


Input Low Voltage 


V,L 








0.8 


V 


Input High Current 


I IB 


V/-2.7V 








40 


M 


Input Low Current 


-III 


V,-0.4V 






0.40 


mA 


Output Low Voltage 


Vol 


/oi-16mA 






0.45 


V 


Output Leakage Current 


lot K 1 


V -5.25V 






100 


M 


Output Leakage Current 


loLK 2 


Vo-OAV 






40 


M 


Input Clamp Voltage 


V, 


/;--18mA 






-1.2 


V 


Power Supply Current 


Ice 


Inputs Either Open or at Ground 




no 


150 


mA 


Output High Voltage* 


VOH 




lo 2mA 


2.4 






V 


Output Short Circuit Current' 


—I OS 


V o -0V 


15 




60 


mA 


* Note: Applicable to HN25089 only. 

■ AC CHARACTERISTICS (Vcc = 4.75 to 5.25V, Ta = to 75°C ) 


Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Address Access Time 


t A A 






40 


60 


ns 


Chip Enable Access Time 


t ACE 






25 


35 


ns 


Chip Enable Disable Time 


tDCE 






25 




35 




ns 



Now) 1. Output Lo»d: See Test Circuit. 

2. Measurement Reference: 1.5V for 1 



■ SWITCHING WAVEFORMS 



Address 

Input 3 


-1.5V 


1.5V^ 


k 












Output 


/ 




1.5 




or 


— 1«— 








Output \ 


rlSV 


1.5V, 





Chip Enable 
I>i put 




-HN25084, HN25085 



ISWITCHING TIME TEST CONDITIONS 



SWITCHING 


HN25084 


HN 25085 


PARAMETER 


Rt 


Ri 


Cl 


Ri 


Rz 


Cl 


t AA 


30on 


6oon 


30pF 


30on 


60on 


30pF 


i AC E "1" 








CO 


60on 


lOpF 


lACE "0" 


30on 


600fl 


lOpF 


300 n 


6oon 


lOpF 


t DCE " 1 " 










60on 


30pF 


loci "0" 


30on 


soon 


30pF 


30on 


6oon 


30pF 



INPUT CONDITIONS 
Amplitude -0V lo 3V 
Rise and F.ll time -5ns from IV lo 2V 



I PROGRAMMING SPECIFICATION 



Characteristic 


Limit 


Unit 


Notes 


Ambient Temperature 


25±5 


•c 






Programming Pulse 
Amplitude 
Clamp Voltage 
Ramp Rate 
Pulse Width 
Duty Cycle 


130±5% 
20 + 2% 
70max 
7.5 + 5% 
70% min 


mA 

V 

V//is 


10V point/150n load 


Sense Current 
Amplitude 
Clamp Voltage 
Ramp Rate 

Sense Current Interruption before and after address change 


20+0.5 
20 + 2% 
70max 
lOmin 


mA 

.v,.. 

Ms 




Programming Vcc 


■ 

5.0+5% -0% 


V 




Maximum Sensed Voltage for programmed "1" 


7.5±0.1 


v 




Delay from trailing edge of programming pulse before sensing 
output voltage 


0.7min 


MS 




Programming Pulse Number 


lOOmax 


ms 




Additional Programming Pulse Number 


4 


Time 





I TYPICAL WAVEFORMS 



Vcc 


J 


A. 
1 


Vti - 


A. 


V,i. - 




VlH 




V,i. - 



XZ 



Programming Pulse 



Sense Pulse 
7.5V RFF. 



0.7</s 



Addit i..nal Pulse Train 





HITACHI 



421 



HN25084S, HN2S08SS 



2048- word x 4-bit Programmable Read Only Memories 

The HITACHI HN25084S and HN25085S are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit read only 
memories organized as 2048 words by 4 bits with on-chip address 
decoding and one chip enable input. The HN25084S and HN25085S 
are fabricated with logic level "zeros" (low); logic level "ones" 
(high) can be electrically programmed in the selected bit locations. 
The same address inputs are used for both programming and reading. 

■ FEATURES 

• 2048 words x 4 bits organization (fully i 

• TTL compatible inputs and outputs 

• Fast read access time: 25 ns typ. (50 ns max) 

• Medium power consumption: 550 mW typ. 

• One chip enable input for memory expansion 

• Open collector outputs (HN25084S)/Three-state i 
(HN25085S) 

• Standard cerdip 18-pin dual in-line package 

■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CE~ to a logic "one". Then a train of high 
current programming pulses is applied to the desired output. After 
the sensed voltage indicates that the selected bit is in the logic "one" 
state, an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CT to a logic 
"zero". The outputs then correspond to the data programmed in the 
selected word. 
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■ PIN ARRANGEMENT 
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HN25084S, HN25085S 

■ ABSOLUTE MAXIMUM RATINGS 



item 


oymbol 


Rating 


unit 


Supply Voltage 


V CC 


u . o to 1 / . u 


y 


Input Voltage 




— ft e. tfl _i_c c 




Output Voltage 


v„> 


-0.5 to +5.5 


V 


Output Current 


/«. 


50 


mA 


Operating Temperature 




-25 to +75 


•c 


Storage Temperature 




-65 to +150 


'C 



■ DC CHARACTERISTICS (Vcc-4. 75 to 5.25V, Ta = to 75"C) 



Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input High Voltage 


V,H 




2.0 






V 


Input Low Voltage 


Vn 








0.8 


V 


Input High Current 


tn 


V,=2.7V 






40 


M 


Input Low Current 


-In 


V,=0.4V 






0.40 








mA 


Output Low Voltage 


Vol 


7o=16mA 






0.45 


V 


Output Leakage Current 


IoLK 1 


V = 5.25V 






100 




M 


Output Leakage Current 


IOLK 1 


Vo = 0.4V 






40 


M 


Input Clamp Voltage 


V, 


J, --18mA 






-1.2 


V 


Power Supply Current 


lev 


Inputs Either Open or at Ground 




110 


160 


mA 


Output High Voltage* 


Vo« 


1 o= ~ 2mA 


2.4 






V 


Output Short Circuit Current* 


— Ios 


V o = 0V 


15 




60 


mA 


* Note: Applicable to HN 25089 only. 

■ AC CHARACTERISTICS (Vcc = 4.75 to 5.25V, Ta-0 to 75°C ) 


Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Address Access Time 








25 


50 


ns 


Chip Enable Access Time 


t*CE 






20 


35 


ns 


Chip Enable Disable Time 


tDCE 






15 

1 


35 


ns 



Note) 1. Output Load: See Test Circuit. 

2. Measurement Reference: 1.5V for both in 

■ SWITCHING WAVEFORMS 




HITACHI 



423 



HN25084S, HN25085S 



ISWITCHING TIME TEST CONDITIONS 



Vcr 

9 



SWITCHING 


HN25084S 


HN25085S 


PARAMETER 


ft, 


R, 


c* 


R, 


R, 


Cl 


Iaa 


30on 


60on 


30pF 


30on 


60on 


30pF 


I.e. "1" 










60on 


lOpF 


(<C£ "0" 


30on 


60on 


lOpF 


30on 


60on 


lOpF 


I Dec "1" 








oo 


60on 


30pF 


l»C£ "0" 


3oon 


60on 


30pF 


3oon 


60on 


30pF 



INPUT CONDITIONS 
Amplitude-OV to 3V 

Rise ind Fill time-5ns from IV to 2V 
Frequency- 1MHz 



I PROGRAMMING SPECIFICATION 



PARAMETER 


Symbol 


min 


typ 


max 


Unit 


Note 


Ambient Temperature 


Ta 


20 


25 


30 


"C 




Programming V C c 


Vcc 


4.75 


5.0 


5.25 


V 




Programming Pulse 














Amplitude 


Iw 


88 


90 


92 


mA 




Clamp Voltage 


Vw 


19.0 


19.5 


20.0 


V 




Ramp Rate 




10 




70 


Win 




Pulse Width 


If* 


7.1 


7.5 


7.9 


MS 


9V point/200n load 


Duty Cycle 




70 






% 




Sense Current 














Amplitude 


Is 


19 


20 


21 


mA 




Sense Voltage 


V s 


7.4 


7.5 


7.6 


V 




Clamp Voltage 




19.0 


19.5 


20.0 


V 




Ramp Rate 




70 






V//M 


















Address Setup Time 


1st 


10 






PS 




Address Hold Time 


I HA 


10 






I"- 




Sense Setup Time 


Iss 


0.7 






MS 




Sense Hold Time 


I HS 


0.7 






MS 




Additional Programming Pulse 




1 


1 


1 


time 




Programming Pulse Number per bit 


n 






10000 


time 






Programming Pulse 



HN25088, HN25089 



1 024- word ■ 8- bit Programmable Read Only Memories 

The HITACHI HN25088 and HN25089 are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit read only 
memories organized as 1024 words by 8 bits with on-chip address 
decoding and four chip enable inputs. The HN25088 and HN25089 
are fabricated with logic level "zeros" (low); logic level "ones" 
(high) can be electrically programmed in the selected bit locations. 
The same address inputs are used for both programming and reading. 



■ FEATURES 

• 1024 words x 8 bits organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 40 ns (typ), 60 ns (max) 

• Medium power consumption: 600 mW typ. 

• Four chip enable inputs for memory expansion 

• Open collector outputs (HN25088)/Three-state outputs 
(HN25089) 

• Standard cerdip 24-pin dual in-line package 

■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CE1 and/or CE2 to as logic "one" or CE3 
and/or CE4 to a logic "zero". Then a train of high current 
programming pulses is applied to the desired output. After the 
sensed voltage indicates that the selected bit is in the logic one state, 
an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing C~ET and CE2~ 
to a logic "zero". CE3 and CE4 to a logic "one". The outputs them 
correspond to the data programmed in the selected word. 
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I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 










Supply Voltage 


Vcc 


-0.5 to +7.0 


V 




Input Voltage 


V,. 


-0.5 to +5.5 


V 










Output Voltage 


V..« 


-0.5 to +5.5 


V " 










Output Current 


/„, 


50 


mA 

i 










Operating Temperature 


TV 


-25 to +75 


•c 






Storage Temperature 


7\„ 


-65 to +150 


'C 






■ DC CHARACTERISTICS (Vcc = 


4.75 to 5.25V, Ta = to +75"C) 










Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input High Voltage 


V,H 




2.0 


— 




V 


Input Low Voltage 


Vu 








0.8 


V 


Input High Current 


IlH 


V,-2.7V 






40 


M 


Input Low Current 


-7/1 


VO-0.4V 








0.40 


mA 


Output Low Voltage 


Vol 


lot = 16m A 






0.45 


V 


Output Leakage Current 


IOLK 1 


Vo-5.25V 








100 


M 


Output Leakage Current 


loLR 2 


Vo-0.4V 






40 


M 


Input Clamp Voltage 


V, 


7/--18mA 






-1.2 


V 


Power Supply Current 


h- 


Inputs Either Open 


or at Ground 




120 


160 


mA 


Output High Voltage* 




7ow 2mA 




2.4 






V 


Output Short Circuit Current* 




Vo-OV 

1 





15 




60 


mA 


* Note: Applicable to HN25089 only. 

















I AC CHARACTERISTICS (V C c = 4.75 to 5.25V, Ta = to 75°C) 



Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Address Access Time 


tAA 






40 


60 


ns 


Chip Enable Access Time 


t ACE 






20 


35 


ns 


Chip Enable Disable Time 


t DCE 






20 


35 


ns 



Note) 1. Output Load: See Test Circuit. 

2. Measurement Reference: 1.5V for both inputs I 



I SWITCHING WAVEFORMS 





426 



ISWITCHING TIME TEST CONDITIONS 



9 



IT 



SWITCHING 


HN 25088 


HN25089 


PAR AMFTFR 
r rt rvrt ;vi Lien 




Rt 


C t 


R i 


Ri 


Oi 


t AA 


30on 


600 n 


30pF 


30on 


60on 


30pF 


I.CE "1" 








oo 


60on 


lOpF 


i,.C£ "0" 


30on 


60on 


lOpF 


3oon 


60on 


lOpF 


I DCC "1" 








oo 


60on 


30pF 


l0C£ "0" 


300 n 


60on 


30pF 


30on 


60on 


30pF 



INPUT CONDITIONS 
Amplitude-OV to 3V 
Ri.e .nd F a ]l time-Sns from IV lo 2V 
Frequency - lMHi 



I PROGRAMMING SPECIFICATION 



Characteristic 


Limit 


Unit 


Notes 


Ambient Temperature 


25±5 


X 




Programming pulse 
Amplitude 
Clamp Voltage 
Ramp Rate 
Pulse Width 
Duty Cycle 


130±5% 
20±2% 
70max 
7.5±5% 
70% min 


mA 

V 

V/,. 

P* 


10V point/150n load 

■ 


Sense Current 
Amplitude 
Clamp Voltage 
Ramp Rate 

Sense; Current Interruption before and after address change 


20±0.5 
20±2% 
70max 
10m in 


mA 
V 

V/>s 
/is 




Programming Vcc 


5.0+5% -0% 


V 




Maximum Sensed Voltage for programmed "1" 


7.5 + 0.1 


V 






Delay from trailing edge of programming pulse before sensing 
output voltage 


0. 7min 


fs 




Programming Pulse Number 


lOOmax 


ms 






4 


Time 






Sense Pulse 
7.5V REF. 



HN25088S, HN25089S 



1024-word x 8-bit Programmable Read Only Memories 
The HITACHI HI\I25088S and HN25089S are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit-read only 
memories organized as 1024 words by 8 bits with on-chip address 
decoding and four chip enable inputs. The HN25088S and 
HN25089S are fabricated with logic level "zeros" (low); logic level 
"ones" (high) can be electrically programmed in the selected bit 
locations. The same address inputs are used for both programming 
and reading. 

■ FEATURES 

• 1024 words x 8 bits organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 25 ns typ. (50 ns max) 

• Medium power consumption: 600 mW typ. 

• Four chip enable inputs for memory expansion 

• Open collector outputs (HN25088S)/Three-state outputs 
(HN25089S) 

• Standard cerdip 24-pin dual in-line package 

■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CE1 and/or CE2 to as logic "one" or CE3 
and/or CE4 to a logic "zero". Then a train of high current 
programming pulses is applied to the desired output. After the 
sensed voltage indicates that the selected bit is in the logic one state, 
an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CE1 and CE2 
to a logic "zero", CE3 and CE4 to a logic "one". The outputs then 
correspond to the data programmed in the selected word. 
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■ LOGIC DIAGRAM 
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HN25088S, HN25089S 

■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 




Supply Voltage 


Vcc 


—0.5 to +7.0 


V 


Input Voltage 


V,. 


—0.5 to +5.5 


V 


Output Voltage 


v„, 


-0.5 to +5.5 


V 


Output Current 


I... 


50 


mA 


Operating Temperature 


TV 


-25 to +75 


•c 


Storage Temperature 


T.„ 


-65 to +150 


•c 


■ DC CHARACTERISTICS (V cc = 4.75 to 5.25V, Ta = to 4-75'C) 


Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input High Voltage 


V,H 




2.0 






V 


Input Low Voltage 


V,L 








■0.8 


V 


Input High Current 


I,H 


V/-2.7V 






40 

. 


M 


Input Low Current 


-hi 


V/-0.4V 






0.40 


mA 


Output Low Voltage 


Vol 


Iol= 16mA 






0.45 


V 


Output Leakage Current 


I OLK 1 


Vo-5.25V 






100 


M 


Output Leakage Current 


I OLK I 


Vc-OAV 






40 


/-A 


Input Clamp Voltage 


V, 


I, 18mA 






-1.2 


V 


Power Supply Current 


Ice 


Inputs Either Open or at Ground 




120 


160 


mA 


Output High Voltage* 


VoH 


Ion 2mA 


2.4 






V 


Output Short Circuit Current* 


—Ios 


Vo-OV 


15 




60 


mA 


• Note: Applicable to HN25089S only. 

■ AC CHARACTERISTICS (V cc = 4.75 to 5.25V, Ta = to 75'C) 


Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Address Access Time 


Iaa 






25 


50 


ns 


Chip Enable Access Time 


Iace 






20 


35 


ns 


Chip Enable Disable Time 


tDCE 






15 


35 


ns 


Note) 1. Output Load: See Test Circuit. 



2. Measurement Reference: 1.5V for both inputs and outputs. 



■ SWITCHING WAVEFORMS 




HITACHI 



HN25088S, HN25089S 



I SWITCHING TIME TEST CONDITIONS 



Vcc 
o 



1 



SWITCHING 


HN 25088 S 


HN25089S 


PARAMETER 




111 


Cl 


R, 


R, 


Ci 




300O 


60on 


30pF 


300 n 


60on 


30pF 


IaCC "1" 








00 


60on 


lOpF 


lACE "0" 


300fl 


60on 


lOpF 


3oon 


60on 


lOpF 


(„„ "1" 










eoo n 


30pF 


10CE "0" 


300 n 


60on 


30pF 


30on 


60on 


30pF 



INPUT CONDITIONS 
Amplitude -0V to 3V 
Rise and Fall tioe-5ns (rom IV to 2V 
Frequency — 1MHz 



I PROGRAMMING SPECIFICATION 



PARAMETER 


Symbol 


min 


typ 


max 


Unit 


Note 


Ambient Temperature 


To 


20 


25 


30 


•c 




Programming Vcc 


Vcc 


4.75 


5.0 


5.25 


V 




Programming Pulse 














Amplitude 


lw 


88 


90 


92 


mA 




Clamp Voltage 


Vw 


19.0 


19.5 


20.0 


V 




Ramp Rate 




10 




70 


Wfto 




Pulse Width 


tpw 


7.1 


7.5 


7.9 


/AS 


9V point/20011 load 


Duty Cycle 




70 






% 




Sense Current 














Amplitude 


Is 


19 


20 


21 


mA 




Sense Voltage 


Vs 


7.4 


7.5 


7.6 


V 




Clamp Voltage 




19.0 


19.5 


20.0 


V 




Ramp Rate 




70 






V/^s 




Address Setup Time 


ISA 


10 






fs 




Address Hold Time 


tHA 


10 






P* 




Sense Setup Time 


tss 


0.7 






PS 




Sense Hold Time 


tns 


0.7 






US 




Additional Programming Pulse 




1 


1 


1 


time 




Programming Pulse Number per bit 


n 






10000 


time 





J 

As Vil ' v 



CE 



Programming Pulse 



430 




Programming Pul 



HN25088L, HN25089L 



1024-word x 8-bit Programmable Read Only Memories 

The HITACHI HN25088L and HN25089L are low power and high 
speed electrically programmable, fully decoded TTL Bipolar 8192 
bit read only memories organized as 1024 words by 8 bits with on- 
chip address decoding and four chip enable inputs. 
The HN25088L and HN25089L are fabricated with logic level 
"zeros" (low); logic level "ones" (high) can be electrically pro- 
grammed in the selected bit locations. The same address inputs are 
used for both programming and reading. 



■ FEATURES 

• 1024 words x 8 bits organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 60ns typ. (100ns max.) 

• Low power consumption: 350mW typ. 

• Four chip enable inputs for memory expansion 

• Open collector outputs (HN25088L)/Three-state 
outputs (HN25089L) 



■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CE1 and/or CE2 to as logic "one" or CE3 
and/or CE4 to a logic "zero". Then a train of high current 
programming pulses is applied to the desired output. After the 
sensed voltage indicates that the selected bit is in the logic one state, 
an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CE1 and CE2 
to a logic "zero", CE3 and CE4 to a logic "one". The outputs then 
correspond to the data programmed in the selected word. 




I PIN ARRANGEMENT 




I LOGIC DIAGRAM 



A.O 
AiO 
AiO 
AiO 
A.O 
AiO 
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CE.o 



Address 
Buffer 
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En.ble 
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HN25088L, HN25089L 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


V cc 


-0.5 to +7.0 


V 


Input Voltage 


Vu 


-0.5 to +5.5 


V 


Output Voltage 


v„, 


-0.5 to +5.5 


V 


Output Current 


/.., 


50 


m A 


Operating Temperature 


T.„ 


-25 to +75 


X 


Storage Temperature 


T.„ 


-65 to +150 

1 


•c 



IDC CHARACTE 



TICS (Vcc = 4.75 to 5.25V, Ta=0 to +75°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Voltage 


V u 




2.0 






Y 


V* 








0.8 


•v 


Output Voltage 


Van' 


Ion~ —2mA 


2.4 






V 


Vol 


Iol= 16mA 






0.45 


V 


Input Current 


I,h 


V,-2.7V 






40 


M 


-hi 


V, = 0.4V 






0.4 


mA 




loLK 

i 


V„-5.25V 






100 


M 


Output Leakage Current 


V o -0.4V 






40 


Supply Current 


he 


Inputs Either Open or at Ground 




70 


100 


mA 


Output Short-circuit Current 


-Jos' 


Vo-OV 


8 




30 


mA 


Input Clamp Voltage 

1 


V, 


J;--18mA 








-1.2 


V 



» Applicable to 

■ AC CHARACTERISTICS (V 



Item 


Symbol 


min 


typ 


max 


Unit 


Address Access Time 


%AA 




60 


100 




ns 


Chip Enable Access Time 


t ACE 




40 


70 




Chip Enable Disable Time 


tDCE 




40 


70 


ns 


Notes) 1. Output Load: See Test Circuit 

2. Measurement Reference : 1 .5V for both inputs 


and outputs 









ISWITCHING WAVEFORMS 



Address 
Inpul 



Outpul 

or 
Output 





*uv 




i 




Iaa 




Chip Enable 




Output 
or 

Output Idce'O' — - - — 



HN25088L, HN25089L 



I SWITCHING TIME TEST CONDITIONS 





HN25088L 


HN25089L 


PARAMETER 




Ri 


Cl 


Ri 


Ri 


Ci 


t AA 


3<x>n 


600 fl 


30pF 


30on 


60on 


30pF 


tACE 1 








oo 


60on 


lOpF 


t»CE "0" 


30on 


60on 


lOpF 


3oon 


6oon 


lOpF 


loCE " 1 " 








Qp 


600 n 


30pF 


net "0" 


30on 


60on 


30pF 


3oon 


60on 


30pF 



I PROGRAMMING SPECIFICATION 



INPUT CONDITIONS 
Ampliwde-OV to 3V 
Rist >nd Fill time-5n» Irom IV to ZV 

unfa 



Characteristic 


Limit 


Unit 


Notes 


Ambient Temperature 


25±5 


X 




1 

Programming Pulse 

Amplitude 

Clamp Voltage 

Ramp Rate 

Pulse Width 

Duty Cycle 


130±5% 
20±2% 
70max 
7.5±5% 
70% min 


mA 

V 

V/p* 
Its 


10V point/ 150n load 


Sense Current 
Amplitude 
Clamp Voltage 
Ramp Rate 

Sense Current Interruption before and after address change 


20±0.5 
20±2% 
70max 
lOmin 


mA 

V 

P* 




Programming Vcc 


5.0+5% -0% 


V 




Maximum Sensed Voltage for programmed "I 


7.5±0.1 


V 




Delay from trailing edge of programming pulse before sensing 
output voltage 


0.7min 


/<s 




Programming Pulse Number 


lOOmax 


ms 




Additional Programming Pulse Number 

1 


4 

1 1 


Time 

1 





vet 

A. V, ^ 

A. Vn A 



CE 



Programming Pulse 



Sense Pulse 
7.5V REF. 



Sense Strobe 




HITACHI 



HN25168S, HN25169S 



2048- word x 8-bit Programmable Read Orvly Memories 

The HITACHI HN25168S and HN25169S are high speed electrically 
programmable, fully decoded TTL Bipolar 16384 bit read only 
memories organized as 2048 words by 8 bits with on-chip address 
decoding and three chip enable inputs. The HN25168S and 
HN25166S are fabricated with logic level "zeros" (low); logic level 
"ones" (high) can be electrically programmed in the selected bit 
locations. The same address inputs are used for both programming 
and reading. 



■ FEATURES 

• 2048 words x 8 bits organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 40 ns typ. (60 ns max) 

• Medium power consumption: 600 mW typ. 

• Three chip enable inputs for memory expansion. 

• Open collector outputs (HN25168S)/Three-state outputs 
(HN25169S) 

• Standard cerdip 24-pin 



■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired world 
is selected by the e leven address inputs in TTL level. The device is 
disabled by bringing CE1 to as logic "one" or CE2 and/or CE3 to a 
logic "zero". Then a train of high current programming pulses is 
applied to the desired output. After the sensed voltage indicates that 
the selected bit is in the logic one state, an additional pulse is 
applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CE1 to a logic 
"zero", CE2 and CE3 to a logic "one". The outputs then 
correspond to the data programmed in the selected word. 




(Top View) 



I LOGIC DIAGRAM 
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HITACHI 



HN25168S, HN25169S 

■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 




Supply Voltage 


Vcc 


-0.5 to +7.0 


V 


Input Voltage 


v.. 


-0.5 to +5.5 


V 


Output Voltage 


V,., 


-0.5 to +5.5 


V 


Output Current 


I.., 


50 


mA 


Operating Temperature 


T„, 


-25 to +75 


•c 


Storage Temperature 


T... 


-65 to +150 


•c 


■ DC CHARACTERISTICS (Vcc = 4.75 to 5.25V, Ta-0 to + 75'C) 


Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input High Voltage 


Vm 




2.0 






V 


Input Low Voltage 


Vti 








0.8 


V 


Input High Current 


IlH 


V,-2.7V 






40 


ItA 


Input Low Current 


-III 


V/-0.4V 






0.40 


mA 


Output Low Voltage 


Vol 


/ot-16mA 






0.45 


V 


Output Leakage Current 


Iolu i 


Vo-5.25V 






100 


M 


Output Leakage Current 


Iolk I 


Vo-0.4V 






40 


M 


Input Clamp Voltage 


V, 


/,--18mA 






-1.2 


V 


Power Supply Current 


Ice 


Inputs Either Open or at Ground 




120 


170 


mA 


Output High Voltage* 


Vo» 


Im= — 2m A 


2.4 






V 


Output Short Circuit Current* 


— los 


V o -0V 


15 




60 


mA 


* Note : Applicable to HN25169S only. 

■ AC CHARACTERISTICS (Vcc = 4.75 to 5.25V, Ta = to 75*C ) 


Characteristic 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Address Access Time 


In 






40 


60 


ns 


Chip Enable Access Time 


t*CE 






20 


35 


ns 


Chip Enable Disable Time 


Iocs 






20 


35 


ns 



Note) 1. Output Load: Se« Test Circuit. 

2. Measurement Reference: 1.5V for both inputs and outputs. 



■ SWITCHING WAVEFORMS 




<JSJ> HITACHI 



HN25168S, HN25169S- 



I SWITCHING TIME TEST CONDITIONS 



o 



X 



SWITCHING 


HN25168S 


HN25169S 


PARAMETER 


Hi 




Ci 


R, 




Cl 


I AA 


30on 


60on 


30pF 


300n 


60on 


30pF 


IaCE "1" 








OB 


60on 


lOpF 


UCE "0" 


3oon 


600fl 


lOpF 


300 n 


60on 


lOpF 


toCE " 1 " 








CO 


600O 


30pF 


(OCE "0" 


3<wn 


6oon 


30pF 

. 


300O 

1 


awn 


30pF 



INPUT CONDITIONS 
Anplitode-OV to 3V 
Rial and Fall tioe-5ns from IV to 2V 
Frequency — 1 MHz 



I PROG RAMMING SPECIFICATION 



PARAMETER 


Symbol 


min 


typ 


max 


Unit 


Note 


Ambient Temperature 


To 


20 


25 


30 


•c 




Programming V C c 


Vcc 


4.75 


5.0 


5.25 


V 




Programming Pulse 














Amplitude 


u 


88 


90 


92 


mA 




Clamp Voltage 


V* 


19.0 


19.5 


20.0 


V 




Ramp Rate 




10 




70 


V/^s 




Pulse Width 


If. 


7.1 


7.5 


7.9 


fs 


9V point /200fl load 


Duty Cycle 




70 






% 




Sense Current 














Amplitude 


Is 


19 


20 


21 


mA 




Sense Voltage 


Vs 


7.4 


7.5 


7.6 


V 




Clanlp Voltage 




19.0 


19.5 


20.0 


V 




Ramp Rate 




70 






V//iS 




Address Setup Time 


1st 


10 






M* 




Address Hold Time 


t,A 


10 






MS 




Sense Setup Time 


I ss 


0.7 






Ms 




Sense Hold Time 


UA 


0.7 






P* 




Additional Programming Pulse 




1 


1 


1 


time 




Programming Pulse. Number per bit 

—r 1 


n 






10000 


time 
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Prognmming Pulse 



( ).'200Q]oad 



MEMORY SUPPORT CIRCUITS 
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HD2912 



Quadruple TTL-to-MOS Clock Drivers 

The HD2912, a clock driver for the MOS memory, has basically the 
NAND function. Its input is a TTL level and its output becomes and 
N MOS clock input level. It operates on two power supplies - Vcc 
(5V) and Vqq (12V). It anticipates taking as its load a maximum of 
ten units of 4K-bit N MOS memories and can drive a load capacity 
of 400 pF at high speed. 



• TTL-MOS level converter circuit 

• Switching time: 50 ns (max.) 

• Load capacity drivable: 600pF 

• Mounted with 4 circuits 

• Applicable temperature: to 70°C 



I ABSOLUTE MAXIMUM RATINGS 




(DG-16i 



Item 


Symbol 


HD2912 


Unit 






Supply Voltage 


Vcc' 


7.0 


V 




1 


Vol' 


18.0 


V 


Yi 


2 


Input Voltage 


V..' 


5.5 


V 






Load Capacitance 


Cl" 


600 


pF 


A, 


3 


Power Dissipation 


p r ... 


800 


mW 


B, 


4 


Operating Temperature 


T.„ 


to +70 


•c 


B, 


5 


Storage Temperature 


T... 


-65 to +150 


•c 





I PIN ARRANGEMENT 

KS- 



* With respect GND 
» » per circuit 

■ RECOMMENDED OPERATING CONDITIONS 



GND 8 




Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.75 


5.0 


5.25 


V 


V M 


11.4 


12 


12.6 


V 


Operating Temperature 


T.„ 





25 


70 


•c 


Load Capacitance 


Cl 


100 




600 


pF 


Damping Resistance 


R, 


10 






n 



(Top View) 



I ELECTRICAL CHARACTERISTICS (Ta-0 to +70°C, Vcc-5V +5%. V 0D -12V +5%) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Voltage 


V, L 




2.0 






V 


Vm 








0.8 


V 


Output Voltage 


Vol 


V..-2V, /ot-O.lmA 




0.45 


0.6 


V 


VOH 


V..-0.8V, Z„„--0.1mA 


I^db-0.9 


11.5 




V 




A 


In 


V..-0.4V 




-1 


-1.6 


mA 




B 


In. 




-2 


-3.2 


mA 


Input Current 


A 


I,H 


V..-2.4V 






40 


M 




B 


//» 






80 


M 






/, 


V..-5.5V 






1 


mA 






Iddh 


V..-0V 




16 


24 


mA 


Power Supply Current 




I DDL 


V..-5V 






0.5 


mA 




IcCH 


V..-0V 




12 


18 


mA 






ICCL 


V..-5V 




67 


100 


mA 


Input Clamp Voltage 


V, 


/,.--12mA 






-1.5 


V 



* Vcc-SV. V«-12V 
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ISWITCHING CHARACTERISTICS (Ta — O to +70*C, Vcc-hV, V DD = 12V) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Rising Delay Time 


( DLH 






35 


50 


ns 


Falling Delay Time 


t DHL 


C-300pF 




25 


45 


ns 


Rise Time 


int 






12 


25 


ns 


Fall Time 


l THL 






12 


25 


ns 













>TEST CIRCUIT AND WAVEFORMS 

Vcc V m 




> Output 



FALLING DELAY TIME vs. 
LOAD CAPACITANCE (1) 




100 200 300 400 500 600 

Load Capacitance Ct (pF) 




I. = 25una.r,»,j. = 3S0ns.l/ = t. = 10 ± Ins 



RISING DELAY TIME vs. 
LOAD CAPACITANCE (2) 



















































K 






























3 








































































































Vd 


o = l! 


V 




















Vc 


c = SV 
= 25 : C — 

1 























100 200 300 400 500 
Load Capacitance Cl (pF) 



RISE TIME AND RISING DELAY 
vs. AMBIENT TEMPERATURE 



FALL TIME AND FALLING DELAY TIME 
vs. AMBIENT TEMPERATURE 



-V 01) = 12V- 
V C( =5V 
Cl=300pF 
Ki,=0fi 



10 20 30 40 50 60 70 
Ambient Temperature Ta <X) 



I 20 



-Vn = 12V_ 
Vcx'=5V 
Ci=300pF 
*„=00 



10 203040506070 

Ambient Temperature Ta CC) 
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HD2912 



SWITCHING TIME vs. 
SUPPLY VOLTAGE (1) 



- 30 
I 



Supply Voluge Vcc !VI 









































-J I'M 














- 




truL 






























V|>'l, = I2V 

ni,=oa 



SWITCHING TIME vs. 
SUPPLY VOLTAGE (2) 



| 20 

1 

10 



10.5 1L0 11.5 12.0 

Supply Voh.»e 



-Ci=300pF 
Vcc=SV 
Ta=25 - C 



125 iJ3~ 

V»» IV) 



13.5 



POWER DISSIPATION 
vs. CYCLE TIME 




5 ,0 



0.1 0.2 0.5 1.0 2 

Cycle Time t. t ,i, ( w si 



■ ITEMS REQUIRING CARE WHEN USING 
THE HD2912 

When measuring or mounting the HD2912, consider 
the following. 

1. At the time of "H" level output, if a short circuit 
occurs between the output terminal and the 
other terminal (the GND terminal or input 
terminal), the element will breakdown. 

2. When measuring the input/output characteristic 
of the circuit, do not place the input level in the 
vicinity of the threshold voltage (about 1.5V) for 
more than 10 seconds. If this caution is neg- 
lected, the element may breakdown. 

3. If its load capacity is less than a certainalue 
(100pF), sometimes this element cannot fully 
provide its function. Take note of this fact when 
designing a system. 

4. When mounting this element, it is recommended 
providing the output terminal with a 

(Rd) or a diode terminating circuit. 



Vm, 
o 



o 

Clock Driver 



N M0S 
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HD2916 







Quadruple TTL-to-NMOS Clock Drivers 

The HD2916, a clock driver for the MOS memory, basically 
possesses a NAND function. Its Input is a TTL level and its output 
becomes N MOS clock input level. It operates on two power supplies 
- Vcc (5V) and Vqd (12V). Assuming that a maximum of five 
units of 4K-bit N MOS memories may be connected, it is designed to 
drive a load capacity of 200pF at high speeds. 

■ FEATURES 

• TTL-MOS level converter 

• Switching time: 50 ns (max.) 

• Average power consumption: 600mW (max.) 

• Load capacity drivable: 300pF 

• Mounted with 4 circuits 

• Applicable temperature: 10 to 65°C 

■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


HD2916 


Unit 


Supply Voltage 


Vcc* 


-0.5 to + 7 


V 




-0.5 to +15 


V 


Input Terminal Voltage 


V 


-0.5 to +5.5 


V 


Output Load Capacitance 


C L - 


300 


pF 


Power Dissipation 


Pt'" 


700 


mW 


Operating Temperature 


7\„. 


to +70 


•c 


Storage Temperature 


r.„ 


-50 to +150 


•c 



* With respect to GND 
* * Per circuit 
* * * Per package 



I RECOMMENDED OPERATING CONDITION 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.75 


5.0 


5.25 


V 


Vod 


11.4 


12.0 


12.6 


V 


Operating Temperature 


T„. 


10 


25 


55 


•c 


Input Voltage Level 


V,„ 


2.0 




5.5 


V 


Vil 


-0.5 




0.8 


V 




(DC-I6A) 



I PIN ARRANGEMENT 

?»JT 




(Top View) 



■ ELECTRICAL CHARACTERISTICS (To-10 to 55*C, Vcc = 5V ±5%, Vdd=\2V ±5%) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Current 


A 


I,H 


V,»-2.4V 






40 


M 


hi 


V,„-0.4V 




-1 


-2 


mA 


B 


In 


K,»-2.4V 






80 


M 


In 


V,«-0.4V 




-2 


-4 


mA 


Output Voltage 


Voh 


V/.-0.8V, /„»--50M 


Voi. -0.7 


V DO -0.4 




V 


Vol 


V/X-2.0V, Zoi.-50/iA 




0.3 


0.45 


V 


Supply Current 


Iddh 


V,»~0V 




13 


20 


mA 


IcCH 


V,*-0V 




13 


40 


mA 


Idol 


V/»-5V 






39 


mA 


Iccl 


V,«-6V 




40 


60 


mA 


Average Power Dissipation 


Pt, 


d.-300pF, /-1MHz 
Iw=0.5ms, one circuit operation 




300 


600 


mW 



« Vcc-SV. f„„-12V 
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HD2916 

■ SWITCHING CHARACTERISTICS (To = 10 to 55"C, Vcc = 5V ±5%, V DD -12V ±5%) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Delay Time 


t DLH 


C-200pF 
/-1MHz 

tw-O.S/is 






SO 


ns 


t DHL 






50 


ns 

















• TEST CIRCUIT & WAVEFORMS 

Vcc o o Vint 



Input 



> 



50Q 



T T 



-O Output 





*-'rm — 


[— ITLU 


Inp^t l-SV 


; I0K 105S-, 






1. 

t mm 1— 


I Ml h- 



Output 



1 



/ 



/= I UH..1. • S00»../n. = m = lft,,± In, 



PROPAGATION DELAY TIME 
vs. LOAD CAPACITANCE 
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fir - 


5V 




















Vl,„ = 12V 
To=25 - C 





















































100 150 200 250 300 

Load Capacitance Ct {pF} 



PROPAGATION DELAY TIME 
vs. AMBIENT TEMPERATURE 



I 

P 30 

































t 








- 
















































































(W 
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■4V 


























1JV 
Cl = 200pF 





























































10 20 .10 40 SO 60 

Ambient Temperature 7a(*C) 



PROPAGATION DELAY TIME 
vs. SUPPLY VOLTAGE 



PROPAGATION DELAY TIME 
vs. SUPPLY VOLTAGE 




4.8 5.0 5.2 5.4. 5.6 

Supply Voluge Vcc (V) 



Vcc=5V 
Ta=2.'ir 



C/.=200pF 



10.5 11.0 11.5 12.0 I 12.5 
Supply Voltage Vdp (V) 



13.5 
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HD2916 



POWER DISSIPATION 
vs. CYCLE TIME 



















Duly Cycle 50% 
One circuit 


Ci=30 


IpF 




Operatic 


H 






50pF 



















pF 

















































■ ITEMS REQUIRING CARE WHEN USING 
THE HD2916 

When measuring or mounting tne MU2916, consider 
the following: 

1. At the time of "H" level output, if a short circuit 
occurs between the output terminal and the 
other terminal (the GND terminal or input 
terminal), the element will breakdown. 

2. When measuring the input/output characteristic 
of the circuit, do not place the input level in the 
vicinity of the threshold voltage (about 1.5V) for 
more than 10 seconds. If this caution is neg- 
lected, the element may breakdown. 



1 2 5 10 20 

Cycle Time tc,cf. (/js) 



HITACHI 
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HD2923 



Quadruple ECL to TTL Drivers 

The HD2923 is a monolithic, high speed Quadruple ECL to TTL 
Driver which accepts ECL input signals. It provides high output 
current suitable for driving the TTL clock inputs or other address 
multiplexing inputs of N-channel MOS memories such as the 
HM4816Aof MK41 16. Power supply requirements are ground, +5.0 
Volts and -5.2 Volts. The HD2923 requires no particular power 
supply sequencing in order to assure standby mode of memories, 
because the outputs are always "high" at applying the power. 
Propagation delay is 10ns MAX. 

The HD2923 is fabricated by means of HITACHI'S Schottky Bipolar 
technology to assure high performance over the 0°C to 75°C 
ambient temperature range. 




■ FEATURES 

• High Speed t pd = 10ns MAX. (50% to 2.2V dc out or to 

+1.0V dc out, 200pF Load) 

• Low Power 250m W typ. (DC) 

• 10K ECL Compatible Inputs 

• Pin Compatibility MC10125 or HD10125 

■ ABSOLUTE MAXIMUM RATINGS 



I PIN ARRANGEMENT 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.5 to + 7 


V 


Vee 


-7 to +0.5 


V 


Input Voltage 


v.. 


Vee to +0.5 


V 


Output Voltage 


V... 


-1.0 to Vcc+1 


V 


Power Dissipation 


P, 


1.0 


w 


Operating Temperature* 


T„. 


-10 to +85 


X 


Storage Temperature 


T... 


-65 to +150 


*c 




(Top View) 

The Vbb reference voltage is available 
on pin 1 for use in 
biasing 

■ TRUTH TABLE 















Input 


Output 


■ RECOMMENDED OPERATING CONDITIONS 




A 


B 


V 


Item 


Symbol 


m in 


typ 


max 


Unit 


H 


Vbb 


L 


Supply Voltage 


Vcc 


4.75 


5.0 


5.25 


V 


L 


Vbb 


H 


Vee 


-5.46 


-5.2 


-4.94 


V 


H 


L 


L 


Input Voltage 


V,„ 


-1.025 






V 


L 


H 


H 


V,L 






-1.520 


V 


V,B 


H 


H 


Operating Temperature 


T„, 







75 


•c 


Vbb 


L 


L 


Open 


Open 


H 



-HD2923 



IDC CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




-/« 






22 


27 


mA 


Power Supply Drain Current 


ICCH 


Vez 5..2V, Vcc-5.0V 




23.5 


29 


mA 




IcCL 






34.5 


42 


mA 


Input Current 


/,. I 


Vi« 0.81V 






115 


M 


Input Leakage Current 


IcBO 


Vm 5.2V 






1 .0 


M 


Output Voltage 


VoH 


I oh 1 .OmA 


2.7 






V 


Vol 


/ot = 5.0mA 






0.5 


V 


Threshold Voltage 


VoHA 


Vih 1.1V, Ion 1. OmA 


2.7 






V 


Vol, 


V/L--1.48V, /oi-5.0mA 






0.5 


V 


Indeterminate Input 


VoHS 


All inputs — Vee 


2.7 






V 


Protection Tests 


All inputs — Open 


2.7 






Reference Voltage 


Vs. 




-1.420 




-1.150 


V 




VoHC 


V,»»-0.300V, V„l 0.825V 


2.7 






V 


Common Mode Rejection Tests 


V/™- -1.890V, V,»l- -2.890V 


2.7 






VOLC 


VW-0.300V, V,„l 0.825V 






0.5 


V 




V,»»--1.890V, VW- -2.890V 






0.5 


■ AC CHARACTERISTICS 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Propagation Delay Time 


Id. 


50% to +2.2V, C t -200pF 






10 


ns 


Iof 


50% to +1.0V. C t -200pF 






10 


ns 


Rise Time 


1* 


+ 1.0V to +2.2V, C-200pF 






5 


ns 


Fall Time 


t~ 


+ 2.2V to +1.0V, Ci-200pF 






5 


ns 
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